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ABSTRACT )

This paper provides 2 historical baquround and
description of the jglands within Micronesia and reviews
much of the published-information available on the climate,
oceanograﬁhic climate, planktonic aurveys, and tuna fisher-
ies development_in-that reglon. pre~-World War 11 skipjack
tuna, Katsuw"us"elamis, landings b¥ the Japanese reach
33,000 metrlc tons (MT) in 1937. Attention is focused on
the postwar development in the gigheries for skipjack tund
jp Palau and by the Japanese gouthern water pole—and—line"
fleet, which 1anded 51,000 MT in 1971. The potential for
further development within Micronesia is also discussed.




INTRODUCT ION

The United States Trust Territory of the Pacific Islands and
Cuam are situated within reach of some of the most productive tuna
fishing grounds in the world, e.g., off the eastern and southern coasts
of Japan and around Papua New Guinea. The Trust Territory and Guam,
however, are in a paradoxical situation; although they are constantly
striving for ways to broaden thelr economic bases, they are not in a
position to take full advantage of the fishery resources within their
waters.

Tn sharp contrast is the tuna fishery in the eastern Pacific,
where fishing pressure OR yellowfin tuna;'ThunﬂuS'aIbaCares, has to be
reljeved. The fishermen in the eastern Pacific, therefore, must supple-
ment their yellowfin tuna catches by fishing on tuma stocks capable of
. gustaining greater -fishing pressure. Among the possibilities is the
development of fisheries for skipjack tuna,'Katsuwonus'pelamis, yellowfin,
and bluefin tunas; T. thypnus in the central and western Pacific Ocean.

For the ready reference of American tuna fishermen, it would
be most useful to bring together 2 review of much of the published
information available on the environment and tuna fishing in the Trust
Territory region. Throughout this report, the words "qicronesia” and
"M{cronesian' are used to refer to both the Trust Territory and Guam
and all the peoples within their boundaries.

HISTORICAL BACKGROUND

Micronesia has a varied and interesting history. In brief,
the first contact with the islands of Micronesia by Europeans occurred
during the 1500's, first by Magellan and then other occasional
explorers (Nathan Associates} 1966). Although most of the iglands had
no additional contact in the centuries following, the Spanish continued
to exert their influence in the Marianas. With the expansion of the
copra trade, many iglands within the Carolines also received attention
and there was strong competition among traders of different nations
from about 1875 to 1900.

German, rortuguese, BPritish, and Americamn vessels entered
the competition to buy copra in Micronesia (Nathan Assoclates, 1966).
In the last decade of the 19th century, however, the German traders
achieved a position of dominance throughout the Carolines and
Marshalls. They entered into an agreement with the high chiefs which
gave Germany & protectorate ovVer all the Marshalls. In 1899, after
the Spanish-American War, the Germans bought from Spanish control all
the Micronesian i1slands except Guam, which became a United States
possession.
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With the German administration came economic growth and
political stability to Micronesia (Nathan Associates, 1966). Copra
production increased and western goods became available to the
Micronesians. The Germans also had some success in formalizing land
ownership. Tools, new food products, and clothing were introduced
and the mission schools that were established taught the Micronesians
about the outside world.

Japan entered the copra trade on a small scale in 1883 but
by 1907 was a significant influence within Micronesia (Nathan Associ-
ates, 1966), Entering World War I against Germany, Japan immediately
' proceeded to occupy the islands of Micronesia; in 1920, she obtained
a mandate over these islands from the League of Nations.

In the 1920's and 1930's, Japan fully exploited the resources
in Micromesia (Nathan Associates, 1966). Agricultural, fisheries,
manufacturing, and processing industries were established with Japanese
capital and management. Labor was imported from mainland Japam,
Okinawa, and Korea. But with the intensification of war with China
in the 1930's, Japan started a military buildup in Micromesia in
preparation for World War II. Japanese and Okinawan immigrants out-
numbered the Micronesians on larger islands where most of the military
activities were concentrated. The Microneslans, however, participated
at the fringes of these activities by taking advantage of the oppox-
tunity to sell various commodities to the immigrant population.

Despite the self-interest of the Japanese administration,
the Micronesians reaped considerable benefits (Nathan Associates, 1966).
Under the Japanese, the money economy replaced the traditional barter
and gift exchanges and most of the people on the major islands became
accustomed to a variety of manufactured and processed goods and many
types of services. Schools taught the Japanese language to both
Microneslian and Japanese immigrant children. ' ‘

In 1944, the U.S. Armed Forces began occupying the islands
of Micronesia (Nathan Associates, 1966). 4s a result of the intense .
fighting, villages on those islands where the Japanese established [
military bases were completely demolished, Not only the villages and
business establishments but also most of the infrastructure--roads and .
causeways, electric and water systems, harbor and other waterfront ‘
facilities—--were destroyed. ' l

The U.S. Commercial Company, a subsidiary of the Reconstruction [
Finance Corporation, was assigned the task of supplying trade goods and
reviving production and trade of copra, handicrafts, and other local
goods after the American occupation (Nathan Assoclates, 1966). In 1947,
the former mandated islands were established as a ‘trusteeship under the [
United Nations (U.N.) Trusteeship Council and the U.S. was named trustee.
The U.S. Navy Department established a civilian administration to manage
the trusteeship. [
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The Trust Territory Government was established in 1951 and
became a part of the Office of Territories of the U.S. Department of
the Interior (Nathan Associates, 1966). Most of the Marianas, however,
were transferred back and kept under U.S. Navy administration until
1962, at which time all the islands of the Mariamas (excluding Guam)
returned to the jurisdiction of the Trust Territory Government. Saipan
and Tinian in the Marianas were virtually sealed off from the rest of
the world from 1953 to 1962 because they were top securlty areas for
the U.S. Ravy (Tudor, 1972).

Becauge the limited financial resource of the Trust Territory
Government was spread very thin, postwar recovery was very slow {(Nathan
Associlates, 1966). Some progress was made in expapding the copra
trade and agricultural production. In genmeral, there was a settling
down and adjustment of the Micronesians to thelr new economic and
political envirooment under the Americans. An increased budget in
1962 brought a new buildup of schools, hospitals, and other facilities.
Incomes increased and public services, particularly health and education, -
were rapidly expanded. Based on increased money flow, more Micronesians
were employed by the government and there were more opportunities for
creation and expansion of small businesses.

Divided into six districts--Palau, Yap, Truk, Ponape, Marshall
Islands, and Mariana Islands--the Trust Territory is administered by
the U.S. Department of the Interior through a High Commissioner who is
headquartered at Saipan (Tudor, 1972). Each district, in turn, has a
District Administrator, who is the immediate representative of the High
Commissioner and who acts as the executive of the district government,
administering the laws passed by his district’s legislature.

DESCRIPTION OF THE AREA

_ The 2,141 individual islands within the Trust Terxritory,
scattered in clusters over an expanse of ocean of some 3 million sq mi
(7.8 million sq km) or about the size of the continental United States,
make up 97 distinct island groups in three archipelagoea—--the Mariana,
Marshall and Caroline Islands (Trust Territory of the Pacific Islands,
1956; Nathan Associates, 1966). With a cowbined land area of 706 sq mi
(1,828 sq km), the territory extends about 1,140 mi (2,112 km) from
Farallon de Pajaros at the upper tip of the Mariana chain (lat. 20°32'N)
to Kapingamarangi (lat. 1°04'N) in the Carolines (Figure 1) (Trust
Territory of the Pacific Islands, 1956). East to west, it spreads
over roughly 2,400 mi (4,450 km) from Mili atoll in the Marshalls to
Tobi in the Western Carolines. Beyond the territory's boundaries are
Malaysia to the west, Melanesia ("black islands") to the south, and
Polynesia ("many islands") to the east.
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Early explorers called the islands within the territory
"yicronesia” meaning tiny isles (Trust Territory of the Pacific
Islands, 1956). But the classifications™Trust Territory" and
“Micronesia® are not entirely synonymous. There are two atolls——
Nukuore and Kapingamarangi——which lie farthest south near the equator
that are considered Polynesian rather than Micronesian. The distinc-
tion is based not only on geographic location but also on ethnological
factors.

Guam, ceded by Spain to the Upited States im 1898, is part
of Micronesia but not of the Trust Territory (Trust Territory of the
Pacific Islands, 1956). It has its own civil administration with a
~ governor and elected congress.

The islands of Micronesia wvary in size from small strips,
some of less than an acre to large, high islands with up to 100 sq mi
(260 sq km) or more of 1and area (Nathan Associates, 1966). Among the
larger ones are Babelthuap (153 sq mi or 396 sq km) in the Palau- group
and Ponape (120 sq mi or 334 sq xm) (Trust Territory of the Pacific
Islands, 1956). The elevation of the islands varies considerably;
low-lying coral atolls may be only 6 ft (2 m) above sea level whereas
others such as Agrihan Island in the Marianas rise to 3,166 £t (965 m).
Less than 20 of the islands are congidered large enough to support
sizable population concentrations (Nathan Assoclates, 1966). Only
about 100 are large enough to support any permanent population.

MARTANA ISLANDS DISTRICT

: The Mariana Islands District, ghown in Figure 2, consists of
13 islands and one group of 3 islands called Maug (Tudor, 1972)}. The
islands stretch north from Guam for about 350 mi (648 km). Guam,
however, has been a U.S. territory since 1898 and is not included in
the Trust Territory. Among the islands in this group, only Rota,
Tinian, Sailpan, Anatahan, Sarigan, Alamagan, Pagan, and Agrihan are
inhabited.

The total land area in the group is about 184 sq mi (477 sq
km). More than half of this area, however, comprises three principal
islands--Saipan (47 sq mi or 122 sq km), Tiniap (39 sq mi ox 101 sq km),
and Rota (33 sq mi or 85 sq km) (Trust Territory of the Pacifie Islands,
1965). Unlike the Carolines to the south, which are predominantly
coral islands, the Marianas are all high voleanic iglands (Tudox, 1972).
Of nine small volcanic islands in the northern portion of the chain,
Pagan, Asuncion, and Farallon de Pajarcs are still active volcanoes
(Bowers, 1951). The southern islands are larger, coral-capped, terraced,
and fringed with coral reefs. :
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Of the islands within this district, only Saipan, Tiniam,
and Rota are of any jmportance (Tudor, 1972). Under Japanese Mandate,
these islands were turned into vast sugar plantations. The southern
islands of the chain were strongly garrisoned by the Japanese in World

War II.

On Saipan, shown in Figure 3, are located the district
administration headquarters at Susupe and the Trust Territory head-
quarters at Capitol Hill (Tudor, 1972). This island, located at
iat. 15°12'N and long. 145°43'E, is 12 mi (19 km) long by 5 mi (8 km)
wide and covers: 47 sq mi (122 sq km) (Bowers, 1951; Tudor, 1972). The
largest island in the district, Saipan, has 3 lagoon along its west
coast while the land area divides itself into four surface regions.
There is a rugged northern upland which covers about two-thirds of
the island, a southern plateau, a coastal lowland on the gouthwest,
and Kagman Peninsula.

Tinian, to the south of Saipan and separated from it by a
strait of about 3 mi (6 km), is 10 mi (16 km) long and 5 mi (8 km) wide
and has 39 sq mi (101 sq km) of land (Bowers, 19513 Tudor, 1972). The
island, shown in Figure 4, has no lagoon 1ike Saipan but 1is steep with
two plateaus separated from each other by a valley that has a northeast—
southwest axis. It is located at lat. 14°58'N and long. 145°38'E.

Conslsting of coralliferous limestone on a volcanic base,
Rota, shown in Figure 5, 1s 10 mi (16 km) long and 3 mi (5 km) wide,
covering about 32 sq mi (83 sq km). Situated at lat. 14°10'N and

'long.1&5°15'E, Rota is the only island in the Mariamnas, besides Guam,

that has had a history of continuous occupancy by the Chamorros, the
indigenous residents of the Mariana Islands.

. GUAM

Guam is situated at the gsouthern extremity of the Mariana
Islands at lat 13°26'N and long 144°43'E (Tudor, 1972). A territory
of the U.S. since 1898, Guam is peanut-like in shape, 28 ml (45 km)
long. and varying in width from & to 8 mi (6 to 13 km) (Bowers, 1951).
It is the largest island in the Mariana chain, resembles the others in
general formation, and has, a land area of slightly over 200 sq mi (518
sq km). The island is divided into two sections, physiographically-=
a northern plateau and a higher southern mountainous area (Figure 6).
The northern plateau is coral-capped, rises 200-600 ft (61-183 m)
above sea level and has three 1ow volecanic hills all under 900 ft
(274 m) in altitude. A jarge proportion of the coastline ends
abruptly in cliffs.
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Cuam was under the administration of the U.S. Navy uwmtil 1950
when the U.S. Congress enacted the Organic Act which placed the island
under a civilian administration responsible to the U.S. Department of
the Interior (Kim, 1974). Under this act, the Governor was appointed
by the President with the advice and consent of the U.S. Senate. But
in November 1970, Guam held its first election for Governor and
Lieutenant Governor. Agana, the capital of Guam, is & modern city,
having been entirely replanned and rebuilt following its complete
destruction during World War II.

MARSHALL ISLANDS DISTRICT

The Marshall Islands, consisting of 28 low-lying coral atolls
5 single islands, and 867 reefs, lie between lat. 5°".and 15°N and long.
162° and 173°E and are divided geographically and culturally into the
Ratak (sunrise) chain and Ralik (sumnset) chain (Mason, 1931; Trust
Territory of the Pacific Islands, 1965; Tudor, 1972). Paralleling
each other about 130 mi (241 km) apart, the Ratak chain comprises 13
atolls and 2 single islands whereas the Ralik chain is composed of 15
atolls and 3 single islands (Figure 7). Rising not more than a few
feet above sea level, the islands have a total area of about 66 sq mi
(171 sq km). '

The important islands in the district are Hajﬁro, Jaluit, and -
Kwajalein; Eniwetok and Bikini became well known after they were used in
atomic bomb experiments.

Majuro, shown in Figure 8, is regarded as the capital of the
Marshall Islands and the district headquarters are located there (Trust
Territory of the Pacifiec Islands, 1965). Situated at lat. 7°05'N and
long. 171°08°E, Majuro has an irregularly oval lagoon that measures
about 28 mi (45 km) long and 11 mi (17 km) wide (Uchida and Sumida,
1973).

Jaluit, with a lagoon triangular in shape and measuring
roughly 30 mi (48 km) long by 12 m (19 km) broad, has three deep passages
through which vessels of any slze -can pass and anchor safely in 25-30 fm
(fathoms) (46-55 m) of water (Figure 9) (Tudor, 1972). Jaluit lagoon is
more than twice the size of Majuro lagoon. This atoll is located at
lat. 6°00'N and long.169°35'E. :

Kwajalein, located at lat., 9°15'N and long. 167°30'E, becane
well known as a result of war operations (Figure 10). Having good
accommodations for shipping, this atoll consists of 90 islets along a
reef which encloses a 650-sq mi (1,684-sq km) lagoon, the largest in
the world {(Tudor, 1972). At present, Kwajalein islet, located at the
extreme southern point of this triangular atoll, is a top secret anti-
missile base for the U.S. and is under the jurisdiction of the U.S. Navy.
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DISTRICTS WITHIN THE CAROLINE ISLANDS

: The Carolines lie in a vast chain just north of the equator
between lat. 3°-10°N and long. 131°-163°E (Figures, 11 and 12)
(Manchester, 1951). Within the Carolipes are 963 islands scattered
over 1.3 milllon sq mi (4.5 miliion sq km). The total land area,
however, is small and estimated to be about 830 sq mi (2,150 sq km).
Ineluded are volcanic islands with mountains and streams to tiny palm—
clad islets and coral reefs only a few feet above sea level.

Politically, the islands are divided at long. 148°E into the
Eastern and Western Carolines (Manchester, 1951). Administratively,
the Western Carolines include the Palau and Yap Districts and the
Eastern Carolines include the Truk and Ponape Districts. These admin-
{gtrative districts are named after the largest high islands within
them.,

Palau District

The Palau Islands, shown in Figure 13, comprise 200 islands
scattered over an area about 125 mi (232 km) long and 25 ni (46 km)
wide (Manchester, 1951; Tudor, 1972). They lie at the westernmost end
of the Caroline chain at about 1at. 7°30'N and long. 134°35'E. The
islands are about 700 oi (1,300 km) southwest of Guam.

Rising abruptly from the sea, these volcanic islands are
among the most beautiful in Micronesia. The principal islands in the

_ group are Koror, which served as the administrative headquarters undex

the Japanese regime, Peleliu, and Angaur. Babelthuap at the north end
of the group’ is the largest island in the Trust Territory, measuring
roughly 27 mi (43 km) long and 8 mi (13 km) wide. It is very fertile,
well-wooded, and produces many varieties of tropical fruits and
vegetables (Tudor, 1972).

A large barrier reef about 70 mi (113 km) long fringes the
eastern shores but wldens on the western gide of the main islands
(Manchester, 1951). The reef is difficult to cross except in a few
places. Outside the reef and to the north are the Kayangel Islands,
which rise only a few feet above sea tevel. To the gouth, Angaur, 2
raised atoll, is important for its phosphate deposits.

Yap District

The Yap group (Figure 14) consists of four principal islands--
Yap, Gagil-Tomil, Map, and anung-*and about 10 small islands
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(Manchester, 1951; Tudor, 1972). Located between lat. 9°25'-9°46'N and
long. 138°03'-138°14'E, the group is situated on a triangular sub-
marine platform and surrounded by a fringing reef. The reef varies in
width from 0.5 mi (1 km) to 2 mi (3 km). The islands enclosed by the
reef stretch 16 wmi (26 km) long and 8 mi (13 km) wide. The main islands
are narrowly separated from each other by lagoons. Land area has been
estimated to be about 39 sq mi (101 sq km).

_ Yap is hilly and covered with magnificent forests of coconut
and areca palms, bamboos, and crotons (Tudor, 1972). The largest of
the individual islands in the group, Yap is about 12 mi (19 km) long
and 3 mi (5 km) wide. The highest elevation is 585 ft (178 m) above
sea level.

The Yap District headquarter is located in Colonia. Island
~ groups included in the Yap District are Ulithi and Woleai, among others.

The Yapese are dignified, sensitive people who have retained -
many of their old customs and beliefs (Trust Territory of the Pacific
Islands, 1965). Their stone moneys, bulky grass skirts, and loin cloths,
have become the best known among the indigenous customs of Micronesia,
Thelr famous stone moneys with holes through their centers were brought
by salling vessels from Palau and represent wealth.

Truk District

Truk District consists of Truk proper, 12 low-lying atolls,
and 2 low islands. The Truk group, located 650 mi (1,204 km) southeast
of Guam between lat. 7°07'-7°41'N and long. 150°04'-151°22'E, is _
commonly referred to as an "almost atoll" or "complex atoll" (Manchester,
1951; Trust Territory of the Pacific Islands, 1965). The group, shown
in Figure 15, resembles a typical atoll in that it has a great barrier
reef varying from 30 to 40 mi (48 to 64 km) in diameter, but there is
a cluster of large, high islands inside the lagoon, the most important
of which are Moen, Dublon, Fefan, Uman, Udot, Fanapenges (Falabeguets),
and Tol. Tol is the largest of the islands and has the highest eleva-
tion at 1,483 ft (452 m). Elevation of the others varies from 950 £t
(290 m) to a little over 1,000 ft (305 m). The lagoon is about 820 sq mi
(2,124 sq km) whereas the land area of all the islands in the group is
only about 39 sq mi (10] sq km) (Manchester, 1951). '

There are 20 passes piercing the encircling reef, but only
4 are navigable. There are several fine harbors and anchorages within
the reef, the chief one being enclosed by Dublon, Fefan, and Uman
islands. Of the 40 islets on the encirecling reef, only 1, Pis
(pronounced peace) 1s permanently inhabited,



23

*(9TyS ‘0 *H) SPUBTSI ARAT~=°GT 9In3TL
oSl - - 3 OELlG1

L
T, STJOOX
.I.!HHL. -.‘.ru‘.
e )
Ty T
1 £XATD 3 & H%

Nol

o¢




24

Truk is actually a summit of a volcanic dome that rises from
a submarine plateau (Manchester, 1951). The islands of the eastern
part of the plateau are fairly stable, but there has been some sub='7
sidence as evidenced by drowned river valleys.

The most northerly atoll of the district is Manonuito, which
is the world's second largest atoll (Tudor, 1972). Lying near the
eastern side of the district are East Fayu and Hall Islands. To the
west of Truk are Pulap and Puluwat and directly south lie Kuop, Nama,
and Losap atolls. Near the district boundary to the scutheast are
Namoluk atoll and Mortlock Islands, comprised of about 100 islands
arranged in three groups called Etal, Lukunor, and Satawan.

Ponape District .

Ponape District, the most eastern among districts within the
Carolines and including a2ll islands east of long. 154°E, contains the
high islands of Ponape and Kusaie and eight atolls (Manchester, 1951;
Tudor, 1972). Ponape Island, located at lat. 6°53'N and long 158°14°'E
and shown in Figure 16, is a volcanic dome similar in origin to Truk
but less advanced in subsidence. It rises gradually from the sea to
a height of 2,579 ft (786 m). Second in size in the territory——only
Babelthuap in the Palaus is larger—-Ponape is about 14 mi (22 km) from
north to south and 16 mi (26 km) from east to west. With a land area
of 129 sq mi (334 sq km), the island is surrounded by 25 small islands
of both coral and volcanic origin. This entire complex is surrounded
by a barrier reef that encloses a narrow lagoon.

Colonia is the main town in Ponape and is the seat of the
district administrative headquarters (Trust Territory of the Paclfic
Islands, 1965). The district includes the small groups of small
{islands called the Ant< and Pakin groups and Ngatik (Tudor, 1972).
Ponape, Ant, and Pakin are collectively known as Senyavin Islands.
Isolated in the northwest of the district is Oroluk and about 100 mi
(185 km) southeast of Ponape is the Mokil group, which includes Urak,
Manton, and Mokil. Southeast of Mokil is the Pingelap group--
Pingelap, Takal, and Tagulu--which are close together on cne reef.
Kusaie, often described as one of the most beautiful islands in the
Pacific, is the farthest east of the Carolines.

CLIMATE

The climate in Micronesia can best be described as tropical
and uniform. Because there are no large islands included in Micronesia,
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the ¢limate is wholly marine to insular, tropical to the south and
subtropical on the north (U.S. Weather Bureau, 1943). The mean annual
alr temperature over southern waters varies only by about 2°F (1°C)
whereas over northern waters it is close to 15°F (8°C). Rainfall is
heavy usually among the large island groups. Trade winds and monsocons
(seasonal winds that blow from continental interiors to the ocean in
winter and opposite in summer) exert their influence over Micronesia
with a succession of winds much more pronounced over the Marianas and
the Western Carolines than over more eastern waters. The reason is
that the continental effects lessen with distance and the tradés are
the predominant winds.

In the sections that follow, detailed discussions of several
weather elements are presented.

ATR TEMPERATURE

At sea in the western Pacific, the mean alr temperature
fluctuates only slightly from 80° to 84°F (27° to 29°C) all the way
fromw the equator to lat. 15°N (U.S. Weather Bureau, 1943). Monthly
variation in some areas near the equator scarcely exceeds 2°F (1°C);
between lat. 10° and 15°N, the monthly variation may be as much as
4°F (2°C). Between lat. 15° and 20°N near long. 165°-170°E, the
variation may be as much as 5°F (3°C) with a January-February average
of 77°F (25°C) and that of August-September being 82°F (28°C).

Closer to the Asiatic continent at lat. 20°-25°N between
long. 130° and 165°E, the January-March mean is 72°F (22°C) with
February usually the coolest month (U.S. Weather Bureau, 1943). July
is usually the warmest with temperatures averaging 83°F (28°C), making
‘the annual-range about 12”F (7°C): - In the eastern sector of this belt

between lat. 20°-25°N, the January-March mean is 74°F (23°C) whereas
" the July-September mean is 82°F (28°C). The annual range, therefore,
i only 9°F (5°C), slightly less than to the west.

From lat. 25° to 30°N between long. 155° and 165°E, cooling
becomes more apparent in the winter and spring (U.S. Weather Bureau,
1943). The lowest mean temperature, 64°F (18°C), is delayed until
March. In summer, the temperature is only 3°F (2°C) lower than that
near the equator, .

Among the islands all the way from Jaluit at lat. 6°N to
Wake Island at lat. 19°N, the mean annual temperature at near sea
level ranges between 80° and 82°F (27° and 28°C) (U.S. Weather Bureau,
1943). At the Saipan Observatory, however, which 1s located 700 ft
(213 n) above sea Level, there is a record in these latitudes of a mean
temperature as low as 78°F (26°C).
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The U.S5. Weathar Bureau (1943) also reported that the monthly
means &t most atations in the western Pacific do not wary by more than
2°F (1°C) although there are exceptions, One is Saipan, vhere the
Yebruary mean is 76°F (24°C) while the June mean is BG°F (27°C).

The mean daily temperature range, obtained as the difference
between the anoual means of the maximum and minimum temperatures, 1s
9°-11°F (5°~6°C) (U.5. Weather Bureau, 1943). At Palau, for example,
the annual means of the maximum and minimum temperatures are 86" and
76°F (30° and 24°C), respectively. At other stations, they are as
follows: Jaluit, §8° and 77°F (31° and 25°C); Ponape, 85° and 75°F
{29° and 24°C); and Salpan, §3° and 74°F (28° and 23°C).

WIND DIRECTION AND VELOCITIES

The oceanic wind system between the equator and lat. 25°N
consists of the monsoona and the northeast trades (U.5. Weather Bureau,
1943}, West of long. 140°E, between the equator and lat. 5°N, the
monsponal succession of winds is fairly well defined. During the winter
half of the year the northerlies, which imelude the westerlles to north-
easterlies, are predomlpant, whereas during the summer half, the
southerlies, which include the easterlies to southwesterlies, pre-
dominate. Between lat. 5° and 20°N, the northerly momsoon veers into
more settled northeast trades from November to May. The summer winds
in this reglon show the influence of the monscons by turning into
southerly and southwesterly winds. Figure 17 shows the average surface
wind drift direction over the central and western Pacific (cean.

Over the Marianas and central Carolines, the influence of the
summer monscon from Asia 1s inaignificant (1.5. Weather Eureau, 1943).
The northeast trades are predominant and strong except in summar.
Parther eastward, the trades from mortheast to apst become increasingly
dominant throughout the year.

In the latitudinal belt frem the equator to lat. 5°N between
long. 140° and 170°E, northeast and east winds are the most frequent
anougl winds (U.S5. Weather Bureau, 1943). There is, bowever, a tendency
for the frequency of these winda to incresse from west to east. Far
example, in long. 140°~145°E, northeast and east winds constitute more
than 60%Z of the vbservations annually. In the winter half of the year,
some of the influence from monsoons persists; the result ig that north,
northwest, and west winds appear temporarily and overcome the trades.
In the sumner half of the year, the southeast trades cross the equator
snd partly replace the northeast winds. Although the east wind pre-
dominates at this time, southerly trades from southeast to southwest
gre rather frequent.
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AVERAGE SURFAGE WIND DRIFT DIRECTION, CONSTANCY AND FORGE
Bymbals shown on charts 3 to 7

Pravsillng winds move with the arrows
Direction and frequency:

81 percent or more‘....-....l.__...-._...__..___. P
81 {o 80 percent...._.. | .-;.._.-:..__._-.... ——
41 to 60 ] 1 aaa __...._,..
25 to 40 percent. o oo et e .,..

Avuage vpioeity'

|
wlnds, Beaufort 4 (11 to 16 knota) and higher, dom-
inant 80%, or more of the time.

Ceanr 3.—February,
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Figure 17.--Average surface wind drift direction, constancy, and foxce
in the weatern Pacific Ocean (U.S. Weather Bureau, 1943).
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In the Marshalls, the northeast trades predominate in all
months particularly in northern waters (U.S. Weather Bureau, 1243).
Winds are strong and persistent in November-June in northern waters
and from January to June throughout the Marshalls. Weaker trades
predominate in the latter half of the year particularly in the southern
Marshalls where there is some interposltion of southerly to westerly

winds.

. In lat. 20° to 25°N between long. 140° and 165°E, the trades
are less firmly established than they are between lat. 5° and 20°N
(U.S. Weather Bureau, 1943). In winter, this area often has north and
porthwest winds whereas in summer southerly winds—-southeast to south—-
occur frequently at the expense of the northeast winds.

The wind velocities in the western equatorial Pacific between
the equator and lat. 5°N at long. 130° to 170°E are rather light with
no real significant difference in spread from one season to another
(U.5. Weather Bureau, 1943). West of long. 155°E, the mean speed is
about 7 knots with frequent calms whereas toward the southeastern
Carolines between long. 165° and 170°E, the mean rises to 9 knots with
fewer calms. Figure 18 shows the distribution of wind forces in the
western Pacific Ocean.

In lat. 5°-10°N between long. 130° and 175°E, the trades and
monsoons blow briskly and the annual velocities rise from about 9 knots
in-the- west to 1l knots in the extreme east (U.S. Weather Bureau, 1943).
Here, seasonal differences are more marked; whereas the mean velocities
of the summer period are gemerally between 6 and 9 knots, those of the
winter period reach 10 knots or more.

In the more northerly latitudes in 10°-15°N between long.
130° and 175°E, the annual mean velocities are gtill higher, reaching
9 to-10 knots in the west and 12 to 13 knots in the east (U.S. Weather
Bureau, 1943). In summer, velocities vary between 7 and 10 knots
whereas winter velocities are 12 to 15 knots or more.

Approaching the stronger wind circulation projecting seaward
from Asia at lat. 15° to 25°N between long. 130° and 170°E, the average
velocities reach 11 knotg in the west but are somewhat lower in the
east, varying between 9 and 10 knots (U.S. Weather Bureau, 1943). West
of the Marianas, the mean velocities range between 10 and 15 konots from
October to March, At other times of the year, the monthly means are
slightly lower, varying between 8 and 1} knots. The summer MONSOON,
which 1s very strong toward the Asiatic coast, carries some of its
strength a considerable distance seaward in these latitudes. Over
the Marianas and further east, both summer and winter winds are lighter.

Although the predominating wind throughout the year in
Micronesia is the easterly trade winds, there are certain exceptions
and they can best be discussed by examining the data collected at island
weather observation stations. Data on monthly mean wind speed and
prevailing direction are given for some island stations in Tables 1 to 8.
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DISTRIBIITION OF WIND FOBGEﬁ
. Chnrb 8 to 12, —Explanatlon

Firsl or upper figures,~——Percentage of the l.ol.al wind ob-
sorvations which record ealms ia shown to whole numbem
in each 5° square.

Second figures,—Perconlage of wind ohservations with
Beaufort torco 1 to 3, inclusive,

Third figures~Percentige of wind obnervatlona with
Beaufort force 4 to 6, inolusjve,

© Fourth figurer.—Percentage of wind obnbrvntions wlth
Besufort forae 7and 8, - -
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0"0!4 .
#Less than 0.5 peraentu
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- CpART 8.—February.

Figure 18.--Distribution of wind forces in the western North P.acific
Ocean (U.S. Weather Bureau, 1943).
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Table 6.—Means, totals, extremes, and number of years various |,
meteorological observations were made at Jaluit Marshall Islands
(U.S. Weather Bureau, 1943) :

STATION: "JALUIT, ‘MARSHALL ISLANDS. POSITION: LATITUDE s°55* N..
LONGITUDE 169°33* E. ALTITUDE 20 FEET,

Alr Tamp, °F, l?.]‘l:l'i; Clowd Ralntal) 1400 Wind : Aversge number of
- aml .
: Mean | Exteame | (peeent) | {0a0) | gr-!! igti Percentagys of chesrvations from— ‘é,ﬁ darswith— - -
" Month g ' - 15497 E - 1 _
:-.-.--H.gg.’§§§§§s-§5-’;zgsi i ]
L 1 '5°”°H§§z'5::§iu§gzguﬁmghz§'ggi
Jenvary.....|ez |es177] 98] 72| a5 | 70 16-6l6.5 Lo, 2]36-7 6-9|15-4{11.5] 2 | 67187 |L| R{*]0O}4 0.4
Tobeuary...|82 (87 78| 97] 72| 02 | 77 |5-7)6.4 | 0.6013¢q .213 42k 912 [59[24 0 (2] L0 O 4 0.8
.fesleal78i 95} 7| o1 | 77 |5-0l6.8[1s.2/Le.2| 6-0|22-912.5) % |65 2318 | *| 0| O} 0] & 1.2
dezteri7el oa] 71| 03 | 79 |6-87.1 [15.8l20.k 8-2(1100 9.6 2 fh4jBM1212( 21 %1 €] B L1
(Je2lar] 17} ov| 7| 83 | so |63lrn 6. Gjen- sex| 944 w1t a8 G2l RfT]2L] 9 1.4
I 1s2fer! 77| 98! 72] 82 | 719 {6-06.9[r5.520-4 6.9} 9-4 0.2 1 [45137[ 7 [2{3fL]0{7 1.8
e2|es| 77| 951 70| B2 | 77 | 6-616.8[15. 422 11.1f 67 B.& 1 |36 32f13j2]| L] *| 2|15 1
. |a2188 771 9| 72| 61 | 75 [6r 6.512.0{19.9 6+0{ 5.2 4,41 |3 3018|532 1]1}16 - 2.1
Jlez21esl71] 05| 72| 80| 75 |5-86.5(13.1|20-q 4+7| 52 5,411 | 4] 205291101 3| 1| 1j22 1.0
October......| 86 190 77| 971 72| 80 | 73 |5-d6.6 |1z.2|20+ 2 7-5| 6+ 7.0 & {25{ 2629] 6] #] 2| 2 22 .5
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meteorological observations were made at Ujelang, Marshall Islands

(U.S. Weather Bureau, 1943).

STATION: UJELANG, MARSHALL ISLANDS. POSITION: LATITUDE g9%4s° N.,
' LONGI'TUDE ig0°58* E. '

ALTITUDE: 33 FEET

Alr Temp. °F Raistive | Clowd Refntull 1800 Wind Averaps number of
- Menn Extreme { lpeecent) | . (0-10) o E -4 éﬁg Parcantages of obasrvations from— *é dayw with—
Month ! g TRERE H a_-g';; ] ' _ 2
3555-53; HE IR -..i_!i
HEHEIER B IO REIRENE A L
Jinuary,...| 0L {84 | 77[ 90 | 72 17 |b.6 13 (2.4 [£9.5[19-5( 0 501&3#1 glojofois 1.5
Fabrusry....| 82 {08 77} 01 | 72 76 .6 13 |2.1 19.5/L9-1} o fas{sel 1o [ofo fo |0 5
! sL{e6) 77| | 73 76 |84 12 [6.3 he.ofi7-5| o |esisa| 2 (oo o [o 11 -0
82 |asf77i 9L | 73 78 {6.9 17 |5.7 16.&}15-& ofst|é2]s5(ti1|o [0 o «0
{e2]e7| 18} 90} 73 19 [5.1 19 [3.4 p3.eps-e| ol23)68| 711]1 0 o |0 .0
. tez2|ar|1ef g0 | 73 79 (5.0 21 | 7.1 p2.3ez. 4| 0 |25{67| 7| ofo io [0 |2 3
~las)| el 7Tl 93 | 12 79 |5.1 25 {%.7 po.t]ro-s]1 [1g|62f 9 f2{2}5 |t [2 0
ME.ARLIRZAR R 78 [d. 0 27 {4.,5| 7.5 88| & [13}aMj25I B{ 716 |3 |5 +0
esfes{ {93 | 15 B0 5.4 24 |5.0{6.3] 80| 5 |16[34]12) 7] 5 {7 (s |6 0
63 |80] 17{ 95 { 73 80 [5.53 23 |6.2{ 9.6fLo-1] & 18f4ni12]| 56 |6 |3 |5 .0
de2|ar| 7a{92 § 13 B0 5.1 22 L1+7|13-4015+4) 1 |2Bi55{ 9 |zl2 |1 |1 {1 o
{axleg[7af90 | 12 78 [h.7 19 |3.9|19509.5} 0 jaz2is6[ 2 |o[o o |0 [0 »0
NAoz]ler| 12 76 [4.9 1e0her1| 1 |29]5sf 7| 2[2 (2 J1 |2
: o289 2.3
95 | 1 11.7
A5 6 & @ 6-7T 6-8 16 15 17 16 16 16 1% 15-14 Tk

Authori ty:

Deutsoh Ubersesizche Mateorologische Beobachtungen
Mitteflungen sus den Deutschen Schutagebeiten

Department of Agr. - Heed




42

F | :
A D D T Y R Y IS R B m . — mr _ |
- - L _Jd ek i h
. .-iilh%ouliﬂi!oh.i eser
. - o Al AL R 1= g ¥ W) AXE NITP WHTNTRRL ITMS
ivre svvans 5 03 ¢ e

+ATuo B3UT0d Eeedond g o3 ¢

. il e il
*papatamg 30t T L s s e ronets o sor o o ShoeT & |1 Dowioniae 1 Joidd L8 Ty s
sawafl w33]dUOIUT 307 P3NP = BIPP 01 DLET ATMTES DUR 94T yinoaygyy warg 2 e 25 sy vy 00 EFTYTEIS $35pR Sop LI A3 10 SHER) UFD ¥ Wt .r.:iaesm.iizas.l.vshm I
_ ey by e Serc i g KK ey B vk m wm e TS -
. PR SEUTE ] DOAIMS RN HIT FENER S ei1on s | PTIW AL, JERTR UdMI0a igi—”ﬁ&? k-l..._._-! are wyvia iy wadap !:E..uo -3 49 mol =T (DE§1-T¥ET) Mrauson pelicjarwn ) .M.—
igau-lnuﬂa::.gguoiﬁlcﬂl%aiggiu&l g‘i‘%!%it.i-ﬁ:usgh&%'n& el i “proa WD WL XU BAAY dAlg AENG
16 WNE So130A WD K1 pUie NENDANY CEEED-00 POY WAON QU WA - (I WMop- g WEdeph ] ERp, SARVIRL pOr Aoy 2ed BT O] MAWAARD e ltea: N REuom Suppaion ooaxadioesd Nereal Jsawy 20 Ao 1t s dnw SmOw JEG
ggguiliin.gig.isgﬁs-!itvggq d W StReIaduu AT WG SR BT P BT > =y W Aseerr wo peren Wiwd pacoml w0 whe] IR
+zwek w1 Tunpamp
ainpeqos ¢l sefowgy yapa Serp) TN WD FSI] prariado BOYIFIE A PTLEL U]
ssamoy [ JO STRAJSIUT 17 SUOTARAISEQO WO PAERQ WIMA varp "Ti&1 AN Fupuupeg
+ivp 1%d BuOTIETAIRENC L7amoy TT LD m-qn WMm._ swnr yhaIgs gf61 LIwnwer 103
wiwp smd CATIFD SATOY 42 VR K891 Bupiwaade wOTITIE NIA Y961 yinoaya wimg ¥
6 (0 0 (v e [LT|0 (ART|ERTIGEVLL  [4TL|GE] 29aT|IN |OF BivL 106 |LLjelite [ ] 0'0 o0 TIeT 26 | E941] DE*Sf &261|TEo5Z| ¥8'0a {0 FOST| %6 | LSRT[Gh |L 8L €L |17E0 JWA
s “AQK K| *ugY| *i30 "NYHI d3%
o o [T » = 10 .ﬂu *1 {91 |1 *el1g| evsrins |SC ENLR L ALY aro o*c [0t t96t| $0=% | IveT| 15°2 E9&l| i vi| $4*E ] “Lost| 1% s9atlnd 6oL |&*2L 1T7v0 |9
@ 6 ¢ B (¢ [T [0 J¥E (91 jat Jo JLtLiTE] IVeT[In {08 1194 |tejOn{el]Te o0 o*a  |a°0 LEe| 92%L | LLed| w02 LeST|eY-nl] " O b6t 2e [soLetlan |Te6L | ZTEL (€N M
e i0 la j» (0o j€ fp J6T |12 |& [T |ETR{w¥] afei (N idv 1i2°w |E4 OnON]EE u*a a0 [0T9 s06TI pEre | sent| adtw| east) TEeEZ| DetHT | O +906T[ 90 | LE6T)1e |47 1EtEL jet<e |0
e jo Jo I 1o ju [o |9z |43 le |0 le'wite] TeT[AN |o¢ iecy |v6 |02 10198 [ 3] &p [e'0 sonTl pors | woell sivel WesT{g2r2Z)attH1 |0 a561) 1o | 86T\ [T ed (4728 |4°59 | %
o o e Ia (o e lo je a2 |y Jo jete|ee| #9e1iN |2 ity %6 |6L |10 ]2 oo t*o  |o'e Tiet] e L | €9s1] it g Loat|i0-€2[91°21 (O st Lo |*496l[ 16 |T*8L [Z7E2L |19 {¥F
o e (6 11 jois lo |ez {0 |11 |8 Jrrelee| €£961(3 o€ |15 26 6l |el|%e o' o*e |ote G06T) L17F | LEWT| vi*e| Tikl O0-0Z|#$'6 (O oE6T| W0 | 9%uT[E6 leteL [w"2L |Tvot I
-] -] ] T ¢ |z |0 |12 w7 |€t |V s Li2e| DLt |3 (OK Flvra |05 | (9LITS o a*d nea’ WSaT| SE*¥ | &%) ¥ Y WEST| 45 T1) #1*¥ ] 2461 €9 | *aset| te |2 oL |2t2L {2700 |F
e o 6 [t {6 |1 {0 (&l [T (a7 = |e'eise| 1Ls1|d |i¥ piees [ae|tileLi2e @t o0 (' Tiwtl| 2ets | sEnt] 08t0| TisT| 9=z &'y |0 oeat| 79 | oLat|ta [v el |1TEL |¥TeR | W
[-IE [ I 0|1 [0 0T |&1 |e7 |I weL|9v] £%T NS [HF Ale"s JLp|ZL|EL|0s -3 ] ra -3¢} I9s7| 42°T SOuT| OE 0l ERLT{ 5 6T KON e LI ORE1{ 06 [O%EL (ETEL TSN 1Y
o fo 18 le |ofe |o [e3 |61 (&7 |3 ie*e|i%) BLeI{IN |&T 1[06 {onleiL|oL|tn 0 o*o  [a=0 TLeT{ 85 | 5961 AE*0] Tiet] eswipws’z IO £0ET % [ #%6T] o0 [LULL (OUIL E749 M
s lo e lo e lale Iet 1n1 {6 |1 |omalo9]| ¥9sv|3n |9E | In|2:0T[E8 9L |6l (00 20 a*e |0t 29eT] 8976 | O9AT| LorOf EosT)i¥-a [ 92"y 10 pi61| 66 | 096129 letLL [ECTL | E7EF 14
L) o (D [} o |t Jo |0 fs1 jTT T o*Rieg| THAI R TE $1Z*e |29 )iL ol |E¥ a0 g0 |e*0 QLATI B&"Y 96l 64"T| OLe1| E&-TI|97*S o £L6T) 05 296T L9 |E*2L [6"T4 |26 |F
L1 |4t fLT AT ITTITLeY (4T % |E LI | Y 39 £ |¢1 |4 (% |V |e (£ L1 L1 L1 4t i1 LT iq) (g} it it L1} w LI L
wlw - R Rl = - B « |5 = - 5 = = = - = = = LA .
N HRAFHES R L HERHH el HEHEHERBHB R HB R S R
sElealisRE|EE|S mu.:.m.....ﬂum,up 2a|as) = 5 .wm =) E 3 wm g =2 | H= m..m.qq
i TIPERSE s213 51 [RE § [t i g is =3 = s |Bg L E i
T AR £5|2 ’ INHHBE LI
W.M o o H mwm e R 2| ¥ ElZ |k - h.m
8 - ] i - o ey & Y “ g ser ]
. m. tanELadwe ), iz $ 51 m + m L}
E .
$ Kypreany
SAEp J0 HGENS SRy 3 y T i, T anguadeay
+ (BELET ‘90IAIDS BIB(] TEIUSWUOITAUT)
. " [
0l-TY6T ©spuels] vuelael ‘uen) e SUOTIRAISSJO Te°T20T010919W JO SOWILIX® pue " sSuUBSW ‘giEmION--"Q 3TqEel



43

At Palau Islands, which are located near the western edge of
Micronesia, the northeast trades prevail in December—-March (Table 1)
([U.S.] Environmental Data Service (EDS), 1973b). Winds are generally
light to moderate at this time. In April, the frequency of northeast
winds decreases while the frequency of east winds increases. By May,
the predominant winds are from the east with southeast winds just as
frequent as northeast ones. In June, the directions most frequently
observed are east and southeast (U.S. Weather Bureau, 1943). From
July to October, the south to west monsoons are prevalent. Winds are
west-southwesterly with the Intertropical Convergence Zone (ITCZ) in
the vicinity of Koror at this time (EDS, 1973b). By November, Koror
is usually near the heart of the zone and this is reflected in the
high frequency of calm periods and of light winds from all directions.
Calms are frequent in all months except February-March. Winds are
light in Janvary-March, averaging 5.5 knots, and in June with an
average of 3 knots.

_ East of Palau, the ITCZ lies near Yap during the northern
summer particularly as it moves northward in July and returns southward
in October (Table 2) {EDS, 1973f). The southwest monsoon gradually
replaces the northeast trades in July and becomes well established by
August (U.S. Weather Bureau, 1943). At this time, there are frequent
periods of calm and light variable winds; however, heavy shifting winds
can also occur particularly during periods of heavy showers or thunder—
storms. The northeasterly wind gradually replaces the southwest mon~
soon in September-October. From November through June, Yap 1s under
the influence of the northeast trade winds. :

In the vicinity of Truk, the climate is primarily influenced
by the northeasterlies from about November to June (Table 3) (EDS,
1973e). In April, however, the trades are beginning to diminish in
strength and by July, Truk is influenced by lighter and more variable
winds of the doldrums. In July-October, the island frequently comes
under the influence of the ITCZ, which has moved northward into this
vicinity. Also during this period, moist southerly winds are most
frequent and humidity is often oppressively high.

The trade wind regime is unsteady at Fonape, resulting in
frequent calms particularly in April-December (U.S. Weather Bureau,
1943). In January-March the wind velocity averages 7 knots but in.
July-October the wind speed diminishes to 3 knots during the monsoon
(Table 4) (EDS, 1973d). Northeast to east trades prevail from December
to April but in May-June southerly winds increasingly interrupt the
trade winds. July-October winds are from the southwest but by November

the trades gradually return and predominate.

At Majuro, the trade winds prevail throughout the year (EDS,
1973c). As in Truk and Ponape, Majuro comes undex the influence of the
1TCZ as it moves across the area during the summer and the trade winds
are frequently interrupted (Table 5).
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At Jaluit in the southern Marshalls, the trades from north-
east to east strongly predominate from about December to June (Table 6)
(U.S. Weather Bureau, 1943). During the remainder of .the year, although
the northeast to east trades continue to predominate, there are frequent
periocds of southeasterly and southerly winds. In June-December, winds
are very light, averaging 1 to 3 knots, but in other months they vary
between 3 and 8 knots,

In- the northern Marshalls at Ujelang, wind velocity is higher
than at Jaluit (U.S. Weather Bureau, 1943). In winter, the winds
average 19 knots but gradually decrease to 8 or 9 knots by August-
September (Table 7). The prevalent wind is from the east and northeast.
Southeast to westerly winds Interrupt the trades about half of the time
in August-October,

‘At Guam in the Marianas, wind conditions vary markedly and
define the seasons (EDS, 1973a). In winter, the dominant winds are
easterly and east-northeasterly (Table 8). Although 70%Z of the annual
winds are from the northeast to east, this figure may rise to 90% in
December-April (U.S. Weather Bureau, 1943). In July-October, the
trades, blowing out of the east, are often interrupted by southeast to
southwest winds, The trades are most constant during the dry months
of January-April (EDS, 1973a). During the wet season from mid-July to
mid-November, there is often a weakening of the trades. And because
Guam is situated near the dividing line of the Asiatic summer monsoon
and the northeast trades, the prevailing wind direction in August-
September 1s southwesterly in some years and northeasterly in others
(U.S. Weather Bureau, 1943). Monthly wind velocity averages 3 to 7
knots with winter winds strongest. Variable winds are light.

RAINFALL

The atmosphere over the tropical oceans 1s saturated with
molsture at all times, and any significant decrease in temperature to
which the air masses are subjected will cause rain (Wiens, 1962).
Islands with high and wide surfaces fronting the prevailing winds are
likely to have more rainfall on the windward side, while on the leeward
side moisture deficiency may occur. This windward-leeward difference
in rainfall is reflected in differences in vegetation. Thus, it is
difficult to describe patterns of average annual rainfall among the
high volcanic Pacific islands.

Generally, the high average annual rainfalls are those.occur—
ring in tropical areas where differences in vertical temperature are
largest (Wiens, 1962). The volume of air uplifted to bring about rain
increases with the velocity of the wind carrying the moisture. There
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are large geographical differences in the potential for precipitation
because some parts of the Pacific have higher average-wind velocities
than others. Therefore, the western tropical Pacific is likely to

have higher rainfall because of the higher frequency of typhoon
occurrences, Figure 19 shows the frequency of rain or showers, thunder-
storms, and squalls over the western Pacific Ocean.

. Rainfall varies not only among areas in the Pacifie but also
among years (Wiems, 1962). The ITCZ is an area in which large-scale
rising air masses bring comparatively large volumes of rain regardless
of orography. However, this zone must not be looked upon as a fixed
area which invariably gets high rainfall. Great fluctuations in annual
rainfall are recorded on some of the low-lying atolls in the tropical
Pacific. For example, Fanning Island, not far from the equator,
recorded 208 in. (528 cm) of rainfall in 1905 hut received only 28 in.
(71 cm) in 1950.

In Micronesia, drizzle, the least common of all the types
of sea rainfall, occurs occasionally in low latitudes (U.S. Weather
Bureau, 1943). In higher latitudes, it is more frequent and is
observed in 1%-2% of the monthly observations.

Rain and showers in Micronesia occur more frequently and
they represent 15%-207% or more of the annual observations made between
the equator and lat., 10°N (U.S. Weather Bureau, 1943). Based on
island observations in the Caroline and Marshall groups, this latitu-
dinal belt has the heaviest and most frequent rainfall. Ships'
observations also showed that the area bounded by the equator and lat.
5°N between long. 140° and 145°E is the wettest locality. Seasonal
differences in rainfall are not clearly discernible over the wvast
oceanic extent mear the equator and this is reflected on the islands
within this belt where wet or dry seasons are not as sharply differen-
tiated as they are farther north.

This belt of heavy annual rainfall of 100 in. (254 cm) or more
stretches from Palau through the other islands of the Caroline group to
the southern Marshalls (U.S. Weather Bureau, 1943). Narrowing somewhat
toward the Marshalls, this rainfall belt marks the ITCZ, the meeting
zone of the North and South Pacific trade winds im the east and the
eastetly and westerly monsoons in the west. Orographic influences on
rainfall are entirely lacking on islands that are low and small but are
distinctly perceptible on high islands.

Rainfall in the Carolinme Islands is shown by meteorological
data collected at Palau, Yap, Truk, Ponape, and Kusaie. Palau is an
example of high volcanic islands with orographic influences on rainfall.
At Koror, Palau, precipitation is heavy with an average of 144 in. (366
em) per year in 1941-70 and 150 .1in.{381 cm) or more in a year is not
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unusual (Table 1) (EDS, 1973b). Monthly rainfall is highly variable
from year to year with monthly differences sometimes as much as 15-20
in, (38~51 em). In all months except February, March, and April

(Figure 20), which are the driest months of the year, normal precipita-
tion exceeds 10 in,(25 cm). Rainfall, heaviest in December-January,
decreases sharply when the ITCZ moves well south of the islands.
Usually, sometime in June, the ITCZ woves northward across Koror,
bringing with it heavy rainfall and thunderstorms. During this period,
there may be as much as an inch (3 cm) of rain in 15-30 min. Because
the ITCZ usually remains slightly north of Koror from July to October,
heavy rainfall persists. The convergence zone is almost directly over
Koror in November and this is reflected in the high frequency of calms
and light winds and continued heavy rain.

Yap, which is 2° north of the 0°-10° latitudinal belt of
heavy rainfall, is within the sweep of westerly summer monsoons (U.S.
Weather Bureau, 1943). During the northern summer, the ITCZ lies near
Yap as it moves northward! and southward from July to October (EDS,
1973f). At this time, showers, interspersed with heavier showers and
thunderstorms predominate. In 1941-70, the mean annual rainfall was
122 in.(310 cm). According to Table 2 and Figure 20, February-April
are the driest months. 1In other months, normal rainfall exceeds 8 in.
(20 cm), with July being the wettest. Cloudless days are rare at Yap.
From May through December, a common daily occurrence is to have the
morning's fair-weather clouds build up into towering cumuzlus by late
afternoon followed by evening and early morning showers. In such
showers visibility may be less than 5 mil (9 km).

Lamotrek atoll, which is in the Yap District but geograph-
ically located between the Yap and Truk groups, has an average annual
rainfall of 104 in.(264 cm) (U.S. Weather Bureau, 1943). Table 9 and
Figure 20 show that summer is the wettest period with the highest
monthly rainfall of over 13 in.(33 em) occurring in August. Late
winter and early dpring are the dry season with February usually the
driest month of the year with an average rainfall of & in.(15 cm).

In 1941-70, rainfall at Truk averaged 146 in.(371 cm) annually
(Table 3) (EDS, 1973e). At Truk, the relatively dry period from January
to March, when monthly rainfall averages 8 in.(20 cm) or less, is the
most pleasant time of the year (Figure 20). February is the driest
month with an average of only 6 in.(15 cm) and 17-19 days of measurable
rain, In April-December, monthly averages vary between 12 and 16 in.
(30 and 41 cm) with 21-25 rainy days per month. Rainfall varies widely
from month to month as well as from year to year in amount and in
seasonal distribution. Even in the dry season from January to March,
monthly rainfall has been as much as 24 in.(61 cm) in some years;
however, dry spells are not uncommon, and rainfall has been observed to
be less than an inch (3 cm) at this time of the year. Annually, rainfall
at Truk has been as low as 120 in.(305 cm) and as high as 180 in.(457 cm).
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The rainfall profiles

shown are based on average monthly rainfall recorded in inches (U.S.

Figure 20.~-Seasonal distribution of rainfall.
Weather Bureau, 1943).
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Table 9.—-Monthly means, totala, extremes, and numbar of years rainfall
chbservarions were made at Lamotrek, Caroline Islands (U.S. Weather

Bureau, 1943).

STATION: LAMOTREE, CAROULINE ISTANDS.

LONGITUDE j46°34" E.

POSITION: LATITUDE 7°371* NM.,

Ak Tamp. °# Relalire | Clood Ralerall Wind Avarngs nombar of
hamidixy Reant
Mean Extramt | {paccant) | T%-ID Lo § Paroantagss of shearvitnd fromr— "_2 s wilhe—
. vrl § i
SO AR :
HHER] SERIIHIE , ;.'gi!zgg
iﬂ i! ok k: L.:__,.!igﬂﬂdeg ¥
Tercary.... .. BT 1] 1.9
Fabroary, ., 2-1 & | 1.8
Mamh .., E3 B|z.0
April 11.4 B | L7
My .. 0.5 131 5. 2
Junn 10-Q 18} 5. D -
dulr 2.0 18| 2.5
August,., 15-4| 16| 3.6]=
Saplamiber &.0] 1a] 3.2
Oipblmer G.9f 10 2.2
H o 7.5] 1| &t
Dtk 9.4 12] 61
Muan...
Tutal .. 104 | 148
Exbrwma ..., 6.1
N ymbay
ol JEkPA. B & &

dathority: Mltheilungens' aun
Wanther Burasu Suppl., Hoo

dem Deutachen Schutegobel ten
oy {0 = Rend Gassttesr
ioayw with ,0i inoh or zove
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At Ponape, rainfall is heavy and frequent throughout the
yeax, with an annual average of 194 in.(493 cm) in 1941-70 (Table 4)
(EDS, 1973d). 4April and May are the wettest with an average of more
than 19 in.(48 cm) per month (Figure 20). Rainfall is high even
during the driest period--January-March--with averages of nearly 12 in.
(30 cm) in each month. The result is that ‘measurable rain is observed
on about 300 days a year. Orographic rainfall due to moist air rising
over the steep and rugged terrain of the island adds to the total
rainfall received during the trade wind season as well as when the
area comes under the Influence of the ITCZ.

Orographic influence on rainfall is also well demonstrated
at Kusaie in the extreme southeastern Carolines (Tables 10 and 11).
Data from U.S. Weather Bureau (1943) show that at Mission Station on
the west coast of the island, the mean annual rainfall was 255 in.
(648 cm) with over 20 in.{51 em) falling monthly from March to September
(Figure 20). In drier months, the monthly rainfall varied between 15
and 19 in.(38 and 48 em). Mountains separate the west from the east
coast where at Lele Harbor rainfall averaged 176 in.(447 cm). Monthly
rainfall here varied between 19 in, (48 c¢m) in April and 10 in, (25 cm)
in October, The wet seasons at Kusaie are in December and in March-
June; dry periods are in late summer to autumn and in February.

In the Marshalls; rainfall is shown by meteorological data
collected at Ujelang, Jaluit, and Majuro.

Ujelang, located in a zone where the northeast trades are
more settled and prevalent, has a mean annual rainfall of 77 in.(196
cm) (U.S. Weather Bureau, 1943), Table 7 and Figure 20 show that the
dry season is in January-March with minimum rainfall usually in
February. In February-March, drought conditions have resulted in some
years because total rainfall was extremely low, varying between 0.3
and 0.4 in.{0.8 and 1.0 cm). There is a gradual inerease dn rainfall
from April culminating in September-October when the mean rainfall ia
~ greater than 10 in.{(25 cm) in each month.

Unlike Ujelang, which is a zone of strong prevailing north-
east trades, Jalult is located in an area where the interchange of
northerly and southerly trade winds is relatively strong (U.S. Weather
Bureau, 1943). The result is that Jaluit has a mean rainfall of 159 in.
(404 cm) per year or more than twice the mean at Ujelang. The height
of the rainy season is in March-July, but Table 6 and Figure 20 show
that average rainfall of 10 in. (25 cm) or more occcurs in all months -
except February. The wettest month of May has an average rainfall of
17 in.(43 cm) but the amounts over the years have been extreme,
varying from 8 in.(20 cm) to 36 in.(91 cm). Even February, the driest
month, has had extremes of 2 in.(5 cm) and 16 in.(41 cm).
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Table 10.--Monthly means, totals,
observations were made at Kusaie,
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(U.S. Weather Bureau, 1943).

STATION; XUSAIE, MISSION STATION,

extremes, and number of years rainfall
Mission Station, Caroline Islands’

CAROLINE ISLANDS. POSITION: LATITUDE s5°19" N.,
LONGITUDE 162°59" E.

Air Temp, °F. Relstive Cloud Rainfall Wind Average number of
Mesn Exteame | (peresnt} | {0200 | %"' 5 b ii Percantages of chanryations from— E% duyn with—=
. - -1 [
e slE] g E E',ﬁﬂ.—.i‘s,. i E; %
HHHHE EErHTHEHAORABERHE TR
Janusry....... ige0] 21| 353
15.3 20 &+9
27.3| 26 | 5 b
21,4 26| 3:0
A 20,7 27] &9
22,6} 25| 3%
25.9] 28| &1
s0.2t 23| 6.8
Seplemb ok, 21 POk
October....... 15.6] 20] 4§
November ... 19.4} ZL| Bk
Docstnber. ... 16,7 20| 33
Wemn........ .
Total 255 28ﬂ
Ext {1 O b|=—
Hamber
of yeats..... 10 10 10

Authority: Mitteilungen aus_den
Mon

thly Weather BRevl

Peutachen Sohutazgebeiten

ew -_&xpp].nmt 28 ~ Road

" 1pays with .01. inch or more
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Table 1l.~-Monthly means, totals, extremes, and number of years rainfall
chservations were made at Kusaie, Lele Harbor, Caroline Islands (U s.
Weather Bureau, 1943).

+

STATION KUSAIE, (LELE HKRH)R) CAROLINE 1SLANDS, POSITION: LATITUDE 5°20° N.,

LONGI'TUDE tg63°01* E.

Monih

Alr Temp, °F

phelative

Cloud

Ralngsll Wind Average nimber of

Mran ‘Extrame

{0.50)

Monthiy

:

HHE

{Cercent)

duys with=-

A

Pevcontages of obeervations from—

Maan velosity

(knats)

locity {knota)
Predominant
winds or calm

[Maximum va-

LR
il

(mhu)

s\ B E g

NE.
8K

i lnnn’r'r.:,:'..‘.- )

15-4] 19

5.5
13:4) 16 | 6.7
6.5

15:9] 21

19-31 21 | 6.9

17-8] 22 | 6.8

17-1| 22 | 5.9

19,3 81

11r QJ 21 6.9

12-6] 18 | 4.3

10-4] 16 | 5.0

13+8| 20 | 6. b

16:4{ 22 | 5.3

116|239
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9 9 9
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Monthly Weather Review - BSupplememt 23 — Reed
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At Majuro, located roughly 110 mi (204 km) northeast of
Jaluit, rainfall is also heavy with monthly averages of 10 in. (25 cm)
or more in most months (EDS, 1973c). Table 5 shows that January-March
are relatively drier than April-December when the rainfall averages
are 10 in. (25 cm) more each month. The height of the wet season is in
October-November when the island usually receives over 15 in. (38 cm)
of rain each month.

Northward of the 0°-~10° latitudinal belt, between 10° and
15°N, rainfall lessens, but 10Z-15% of the ships' reports show con-
tinued rain and showers (U.S. Weather Bureau, 1943). Between lat.
15° and 20°N, rain and showers were reported in 10%-12% of the
observations. The annual frequency of rain and showers between lat.
30° and 30°N decreased further to 8%-10% of the observations. Seasonal
differences in rainfall within these various latitudinal belts are not
gsufficiently pronounced at sea to warrant special attention.

Meteorological data were avallable from two island stations——

Guan and Saipan—-in the Marianas.

At Guam, although temperature and humidity vary only
slightly throughout the year, rainfall and wind conditions vary
markedly (EDS, 1973a). The variations in the latter two weather
elements. define the two primary and two secondary seasons on Guam.

The dry season, which extends from January through April, and the wet
season, which extends from mid-July to mid-November are the primary
ones (Table 8 and Figure 20). The secondary seasons are transitional
ones, which may be either rainy or dry depending on the nature of the
particular year. These are from May to mid-July and mid-November to
December. Table 8 shows that the mean annual rainfall on Guam is

91 in.(231 cm). On the windward or east side of the higher mountains,
the mean annual average is about 95 in.(241 cm), whereas along the
western coast of the southern half of Guam, the rainfall is lower
averaging 80 in.(203 cm). Usually, rainfall in the dry season accounts
for about 15% of the annual total whereas that in the wet seasons
contributes 55%Z.

Saipan, some 2° north of Guam and dominated by its high
peaks, has a mean annual rainfall of 82 in. (208 cm) (U.S. Weather
Bureau, 1943). Table 12 and Figure 20 show that the rainy season
on Sailpan is in July-October when monthly averages vary between 10
and 13 in. (25 and 33 cm). The dry season, which has rainfall
averaging 3 to 4 in. (8 to 10 cm) monthly, is in January-May. The
greatest monthly rainfall on record at Saipan, reaching 25 in, (64
cm) , occurred in October. The lowest October amount was 4 in.

(10 cm).
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Table 12.--Monthly means, totals, extremes, and number of years various
metecrological cbservations were made at Saipan Island (Garapan), °
Marianas group (U.S. Weather Bureau, 1943). '

STATION: SAIPAN XSLAND (GARAPAN) MARIANAS GROUP. POSITION: LATITUDE 1s°14* N.,
LONGITUDE {45°46° E. ALTITUDE 675 FEET . -~ .

Alr Temp. °F, .'.""ﬁﬂ' Cloud Ralntull T Wind : Avsrags nembee of
B Mean Extreme (p.m:) 0109 . H_E b é"g Porcantages of sbuarvations from— ‘a‘i duys with—
Monih 25 g 5 . ol o 85- 5“"‘%* Sﬁ . 3 Ng
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TROPICAL STORMS

In tropical seas, thunderstorms are more likely to occur at
night than during daytime .(U.S. Weather Bureau, 1943). On large
jslands that promote well-developed daytime convection, thunderstorms
are likely to form also in the afternoon but these islands are still
subject to thunderstorms that move in at night from the sea.

By far the greatest threat to fishing activities at sea in
the western Pacific is tropical cyclones or typhoons. According to
the U.S. Weather Bureau (1943), the greatest number of troplcal eyclones
of the western North Pacific originate in or pass through some parts of
the area bounded by the equator and lat. 30°N and between long. 130°
and 170°E (Figure 21). A few originate in the China Sea or north of
lat. 30°N. '

Most of the typhoons in this region are first observed
between lat. 7° or 8°N and 20°N from long. 125° to 155°E (U.S. Weather
Bureau, 1943). The Marshalls and extreme Eastern Carclines are far
less likely to experience the effects of typhoons than the Western
Carolines and the Marianas. South of lat. 7°N, typhoons are rare.
Table 13 shows the total and average monthly and annual numbers of
typhoons in 1901-40 in the western North Pacific. The annual numbers
can vary conslderably.

The movements of typhoons are varied but generally there are
three main divisions (U.S. Weather Bureau, 1943). These are storms
that move west to northwest toward the Philippines, those that move
west or north toward the China coast or southern Japan, and those that
remain at sea and finally pass north to northeast toward the seaward-
side of Japan (Figure 22). For storms that originate west of long.
150°-160°E, the primary direction 1s west to northwest.

Typhoons advance at an average rate of 6-12 knots especlally
on their early westward course {(U.S. Weather Bureau, 1943). They may
reach speeds of up to 20 knots. At the point of recurve, a typhoon
usually slows down and if the bend in the track is sharp, the speed
may be imperceptible for a day or two. When moving freely again in a
northeasterly direction, the typhoon may have speeds exceeding 25-30
knots. '

The advancing speed of typhoons should not be confused with
wind velocity, which is related to the steepness of the pressure
gradient between the inmer and outer parts of the typhoon {(U.S. Weather
Bureau, 1943). If the gradient ijs flat, the winds may not be very
strong, but if the difference is large, winds of 65 knots may be
expected. Actual velocities of 100 knots have been recorded on land
instruments.,



Figure 21,~-Average annual number (and percent of global total) of
tropical cyclones of significant intensity in each development area.
South Pacific Commission Area including Micronesia is shown by dotted
line (adapted from Atkinson, 1971 by Hickman, 1973).
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Table 13.--The total and average number of typhoons observed in the
western North Pacific Ocean (U.S. Weather Bureau, 1943).

Jan; | Fee, Wore Aﬁr. Mey [ June fJuly
Total Nod 3¢ B 11 | 16 | 29 | %0 | 128
Ovearved . : _
Average : .
per montH Ouk | 0.2 |'0.3 | Ok | 0.7 | 1.0 | 3.2
auge | Sept.|Get, |Nov, |Decy | Annual
Jotal Novl 169 | 142 | 130 | 67 | 46 802
Average | ' ' ' >
her manth 2 | 36| 3.2 ;.? 1.2 20,1

Table 14.-~Characteristic properties of zonal currents through the
section at long. 137°E in January 1967, RV Ryofu Maru (Masuzawa,
1967).

Ly Difference of Geostrophic
Width sez surface fi

. Current Range . flux
{mite) {dyn, cm) {km¥ . hr_“)

Ry 3031-Ry 3035
hi : : - 273
Kuroahio 33°30'N-31°20'N ] 130 117 + ;

Kuroshio Ry 3035-Ry 3038

. 4 i - 162
Countercurrent 31°20'N-28°64'N 146 + 47

Ry 3038-Ry 3045 .
btropi - + . 3
Subtropics 2854 N-21 *58/N 416 ‘16 0.

R e O N
Equatorial S°:::’:’" I::a:ff’:;g;o:;? 476 4 45 — 45
Eq::::::lcurrenlt ' I(:;":g’b!‘{:::zy"oi{:f:f 24 - 23 . + 24
Equatorial Ry 3065-Ry 3070 167

Undercurrent? 02°04'N-00°43'S
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Typhoons vary in diameter (U.S. Weather Bureau, 1943)..
Some are small, perhaps less than 50 mi (93 km) across, but others . |
have diameters of 300 to 500 mi (556 to 926 km) or more. The center
or eye of the typhoon i{s rarely less than 6-7 mi (11-13 k) and mot
much larger than 20-25 mi (37-46 km).

Among the Carolines and Marianas, typhoons usually approach
from the east or southeast, but rarely from the south (U.S. Weather
Bureau, 1943). Most 1ikely, the storms cTOSS the Marianas in July-—
October and the Western Carolines in May-June and November-December.

Data from individual islands or island groups within
Micronesia show the frequency and season of thunderstorms and typhoons.
In Palau, which averages 92 stomms per year, there ig usually 1 per
month in January-April and 2-3 monthly in May-December (U.S. Weather
Bureau, 1943). Thunderstorms usually occur more frequently after June
because at this time the ITCZ moves northward across the islands.
Palau lies just below the beginning of the typhoon belt and rarely has
real typhoons.

Thunderstorms are relatively infrequent at Yap (EDS, 1973f}).
They occur in association with the ITCZ as it moves morthward in July
and southward again in October in the vicinity of Yap; therefore, June
to November is the period of most frequent storms (U.S. Weather Bureau,
- 19433 EDS, 1973f). In August-December, the average iz gbout two per
month. Tropical cyclones are more prevalent further to the northwest.
June-December is when typhoons occur in greatest frequency although
fully developed ones are uncommon near Yap. Most of the typhoons near
Yap pass to the north, then move westward oxr northwestward away from
the island.

Between July and November, Truk and Ponape are frequently
under the influence of the ITCZ which has moved northward inte the
vicinity of these island groups, and during this period tropical dis-
turbances and moist southerly winds are most frequent (EDS, 19734,
1973e). Truk and Ponape are located within the spawning grounds of
typhoons, but the major typhoon tracks in the western Pacific lie well
to the north and west. Typhoons Lola in November 1957 and Ophelia in
January 1958 caused extensive damage to crops and housing on Ponape
(EDS, 19734). At Truk, these two typhoons brought winds of 70 mi/h
(113 km/h) and caused widespread damage tO buildings, crops, and coco—
put palms. Damages to coastal.structure by storm-generated waves were
also extensive (EDS, 1973e). On 1 May 1971, typhoon Amy moved
directly over Truk lagoon. Winds from the south measured 78 mi/h
(126 km/h) and a peak gust from the northeast was 113 mni/h (182 km/h).
Rainfall totaled 8 im, (20 cm). Homes and other buildings suffered
extensive damage and 75%-80% of the crop was destroyed. :
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: At Majuro, tropical storms are very rare; the last typhoon
recorded from this atoll occurred in January 1914 (EDS, 1973c). ‘At
Jaluit, according to U.S. Weather Bureau (1943) reports, about 17
thunderstorms usually occur in a year with an average of 2 per month
in June-September.

During the rainy season on Guam, which extends from mid-July
to mid-November, there is frequently a breakdown of the trades (EDS,
1973a). On some days during these periods, the weather is dominated
by westerly moving storm systems that bring heavy showers or steady
torrential rain. Also, there are occaslonal typhoons which bring not
only tremendous rains but also violent winds producing flooding of the
low-1ying coastal areas. The probability of having one or more typhoons
pass sufficlently close to Guam to produce high winds and heavy rains
is about one in three. 1In the past 50 years, typhoons have passed
close to Guam in every month but theilr most frequent occurrence is in
July-December. A typhoon that moves directly across Guam occurs once
in about 8 years.

THE OCEANOGRAPHIC CLIMATE

In Micronesian waters, not only meteorclogical but also
oceanographic properties show little apparent seasonal variation. In
the following sectlions, we discuss sea-surface temperatures, thermo-
cline depth, surface currents, and chemilcal properties of water
surrounding the islands and atells within the Trust Territory.

SEA~SURFACE TEMPERATURE

Figure 23 shows the monthly mean sea-surface temperature in
the Pacific Ocean. According to LaViolette and Seim (1969), who com-
puted monthly rmedn : temperatures from data collected in various
regions of the Pacific, the surface temperature data éollected in Trust
Territory waters show little variation throughout the year. In the
Marshalls, the surface temperature throughout the year varied between
73° and 91°F (23° and 33°C). Temperatures were usually lowest in
March~April and highest in September-October. Observations made in the
Weatern Carolines and Marianas showed that the minimum temperature was
about 75°F (24°C) and the maximum observed value slightly above 84°F
(29°C). Temperatures were usually lowest in February and highest in
August-September. The monthly variation of sea-surface temperature in
selected regions of the western Pacific i1s shown in Figure 24.
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Figure 23.—-Monthly charts of mean sea-surface temperature
(LaViolette, 1970).
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Figure 23.--Continued.
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Figure 23 also shows the latitudinal movement of the surface
{sotherms with season. Whereas the 78°-84°F (26°-28°C) isotherms are
within the Micronesian area in March, they are displaced by the 84°~
86°F (29°-30°C) isotherms by August.

The horigzontal distribution of surface temperatures for the
Marshall Islands area is shown in Figure 25. Mao and Yoshida (1955},
in discussing some of the notable features, mentioned that the surface
temperature in this area usually decreases slowly with increasing
latitude. In summer, they detected somewhat lowered surface temperature
at or near the equator and believed that intensive upwelling assoclated
-with equatorial divergence occurred (Figure 25). In the winter, however,
the feature was not evident. : '

A tongue of cool water has its origin from the northeast and
may be associated with the ascending motion in the northern boundary of
the countercurrent. The temporal and spatial variation in the positiom
of this tongue of cool water may be due to changes in wind pattern.

SURFACE CURRENIS

Twe regions of trade wind current, one in each hemisphere,
exist in the Pacific Ocean. These currents have a persistent westward
drift during the entire year. The tangential stress of the trade winds,
which embrace the major part of the world's ocean and blow persistently
is responsible for the trade wind regions being the centers of action
for surface circulation (Dietrich, 1963). :

Schemes of the major oceanic clrculation in the western
Pacific in winter end summer are shown in Figures 26 and 27. In the
western Pacific, not all the North Equatorial Current 1s directed north
toward Japan or scuth into the South Pacific (Wiens, 1962). BSome flows
into the seas and basins of Indonesia and the Philippines to form local
circulations. South of Palau, there is a major reversal of current
direction and an eastward flow or countercurrent starts between the
westward flowing North and South Equatorial Currents. The counter-
current, which extends nearly all the way across the Pacific, actually
lies north of the equator, shifting latitudinally with the season. In
February-March, the countercurrent flows gsouth of the Western Carclines
and between Ponape and Kusale in the Eastern Carolines. Continuing
eastward, the countercurrent then passes between the Marshalls and the
northern Gilberts. '

The westward flowing North Equatorial Current breaks up into
complex gyrals and cross currents as it flows among the various islands
and atolls that lie in its path (Wiens, 1962). The seasonal monsoon



Figure 25,--Horlzontal distribution of temperature at the surface.
A. TFrom Crossroads data, March to August 1946. B. From Japanese
data, 1933-41 summer seasom. C. From Japanese data, 1933-41
winter season (Mao and Yoshida, 1955).
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winds of east Agla alsoc exert their influence; the strength of the Japan
Current as well as the southeast-turning coumtercurrent near Palan vary
with the seasonal monsoons.

To show greater detall in the waters around Micronesia, mean
direction and force of the surface surrents in esch 1° gquadrangle, and
the current rose, which presents a graphicél picture of the frequency
of direction and the average drifts within the directions in each 5°
quadrangle, are presented, by month, in Figurea 28a ta 28L (see
Appendix 1 for explanatiom).

Because of the closensas of the Kurcehio, its countercurrent,
and the subtropical currents to the currents which dominate the waters
of Micronesia, we have incliuded them iIn this discussicn. A longitudinal
oceanographic saction, made from Japan te Rew Guinea along long. 137°E,
was discusaed by Masvzawa (1967). The oceanographic investigatiaon,
done in January 1967 zboard the RV Byafu Maru, imvolved the Kuroshio,
its countezcurrent, weak currents in the subtroplcs, the Norch
Equaterial Current, the Equatorial Countercurrent, and the Equatorial
lindarcurrent.

Figure 29 shows the track chart and stations of the CSK
{Cooperative Study of the Kuroshlo} cruise of the RV Ryofu Maru.
Characteristic propertiee of zenal currents thxough a noerch-south
section at long. 137°E are given in Table 1l4. The limits of the zonal
currents were determined by the slope of the isobaric surfaces
(Masuzswa, 1967). Three major zones were identified: The Kuroshio
and ite countercurrent between lat. 33°28" and 28°94'H, the pearly
currentless zone between lat, 28°54" and 21°58'N, and the equatorial
current syatem between lat, 21"58'K and 00°43'S.

The northernmost zone, which embraces the Kureshio, 1s most
intense although narrow, South of the eastward flow of the Ruroshio
iz a well-defined westward flow between lat. 31°18" and 28°34'N. Thie
remarkable flow to the west probably is not a long continuouns current
indepandent of the Furoshio but a clockwise eddy assoclated with the
Eurcehio,

South of the Kurcshic countercurrent Is a zone of weak or oo
current between lat. 28°54' and 21°58'M (Masuzawa, 1967). Here, weak
eastward and westward currents appear alternately. Masuzawva foumd the
most pronounced curreat in the upper 330 ft (100 m) to be an eastward
flow at lat. 22° to 24°N and this current has been designated the
MSubtropical Countercurrent' by some Japanese oceanographers.
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Figure 29.--Track chart of the CSK cruise of the RV Ryofu Maru, in

January-March 1967 (Masuzawa, 1967) .
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Masuzawa (1967) recognized from the north-south sectiens that
the North Equatorial Current could be split into two parts because of
differences in the latitudes from which the slopes of the sea surface
and isobaric surfaces began. The northern half was between lat. 21°58'
and 14°54'N and the southern half between lat. 14°54' and 6°58'N.

South of the North Equatorial Current is the countercurrent,
which is between lat. 6°58' and 2°04'N (Masuzawa, 1967). Centered in
the surface layer at lat. 4°-5°N, it is not always clearly separated
from the Equatorial Undercurrent, whose core lies 650-980 £t (200-300
'm) deep near the equator. In the western Pacific, the Equatorial
Undercurrent is not isolated from the countercurrent' in the central
and eastern equatorial Pacific, 1t 1s.

One of the most important features of the current system in
the Marshall Islands area is the exlstence of large-scale horizontal
eddies between lat. 4° and 10°N, corresponding to the northern boundary
of the countercurrent (Mao and Yoshida, 1955). These eddies have an
approximate radius of several hundred kilometers. No eddies are found
along the southern boundary of the countercurrent.

Mao and Yoshida (1955) proposed that these eddies are
similar in nature to those found in the outer area of the Gulf Stream.
When the countercurrent flows in the opposite direction te the surround-
ing currents, eddies are expected to be generated by cutoff from the
meandering current system, that is, at the boundary zone between two
different current systems. Another possibility is that the eddies are
related to turbulence in this boundary zone. In such a zone, the
current shear is very large and considerable horizental mixing can
occur. Under this conditiom, external disturbances, such as those
caused by bottom topography, islands, or meteorological conditions, can
produce eddies. Maoc and Yoshida (1955) consider the effects of islands
to be significant judging from the location of eddies.

The barrier effect of islands, interpreted another way,
provides still another explanation for the formation of eddies. In
the Marshalls, the Ratak and Ralik Chains are assumed to be barriers.
Figures 30 and 31 depict how it is possible to produce eddies even
where there is no significant turbulence or meandering.

Takahashi (1959) showed the existence and described the
character of a "contra solem" wvortex, which may be considered the
western boundary vortex between the North Equatorial Current and the
Equatorial Countercurrent. Located east of Mindanao Island in the
Philippines, the vortex extends over an area 400 mi (741 km) in a
north-south and 1,000 mi (1,853 km) in an east-west direction (Figures
32 and 33). The vortex is characterized by horizental minimum tempera-
ture and salinity. Intermediate water, with a salinity minimum at
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Figure 30.--A schematic representation of horizontal eddies produced
' in the boundary sheat zone (Mao and Yoshida, 1855).

==
g

Figure 31.~-A schematic representation of a horizontal eddy caused
' by a barrier (Mao and Yoshida, 1955).
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about 1,640 ft (500 m) almost vanishes in the vortex because of
upwelling and mixing within this area. The maximum current veloeclty
of about 3 knots occuxs in.the eastward flowing water on the southern
part of the vortex. Another small vortex seeus to exist around lat.
19°N within the North Equatorial Current.

THERMOCLINE DEPTH

There is evidence that suggests that temperature limits not
only the horizontal distribution of tunas but their vertical distri-
bution as well. Studying the rates of success with tuna purse seines
in the eastern tropical Pacific tuna fishery, Green (1967) found that
the success rate was clearly related to the depth of the thermocline
and the average vertical temperature gradient within the thermocline.
The success rate was 63.9% when the temperature gradient was large
and the thermocline shallow; conversely, the combination of small
~gradient and deep thermocline gave a success rate of only 39.9%.
Therefore, information on depth and temperature gradients of the
thermocline may be useful in identifying areas where purse seining
for tunas may be more successful.

On the cruise of MV Anela to the central and western Pacific
to conduct exploratory pole-and-line fishing trials, Uchida and Sumida
(1973) collected not only fishing but also environmental data. They
found that while fishing around Majuro and Arno atolls inm February,
the thermocline was distinct and occurred between 200 and 330 ft {60
and 102 m). But by April vexy noticeable changes had occurred in the
subsurface layer, The thermocline was shallower, with one trace
showing it at 130 ft (40 m) and the other at 260 ft (80 m). And
whereas the subsurface temperatures at 660 £t (200 m) were higher than
11°C in February, those observed in April were lower.

Figure 34 shows the approxinate depth of the thermocline by
means of contours drawn at depth intervals of 160 ft (50 m) (Sverdrup,
Johnson, and Fleming, 1946). Of significance is the shallowness of
the thermocline in the eastern Pacific, where a sharp temperature
decrease is evident at depths of usually less than 160 ft (50 m).
Toward the west the depth of the thermocline increases and in the
western Pacific the minimum depth may vary between 490 and 660 ft
(150 and 220 m).

Figure 35 shows the north-south variation in the thermocline
at long. 137°E. Masuzawa (1967) stated that the main thermocline,
centered at 50°-54°F (10°-12°C) north of lat. 15°N, slopes sharply
downward from the northern edge of the Kuroshio to the southern edge,
where the mixed layer is nearly isothermal and thickest over the
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gsection. Southward from lat. 30° to 15°N, the thermocline ghallows
~gradually. At about lat. 15°N, the center of the thermocline is
cwitched from 52°F (11°C) to about 68°F (20°C). The thermocline is
shallowest and the vertical temperature gradient largest at the
boundary between the North Equatorial Current and the countercurrent.

The temperature profile for the Marshall Islands area is
shown in Figure 36. It can be readily seen that there are three parts:
The topmost isothermal layer, the thermocline layer, and the layer of
weak gradient. Mao and Yoshida (1955) found that in this reglon, the
isothermal layer generally lies between 165 and 330 ft (50 and 100 =)
with an average thickness of about 945 ft (75 m). The isothermal
layer is somewhat thicker in winter than in summer. And there is a
latitude dependence of the isothermal layer in this areajnear the
equator, it has a thickness of about 330 ft (100 m) or more. The
shallowest depth occurs at about lat. 10°-12°N in the summer aund at
" about lat. 8°~10°N in the winter. o

The thermocline layer, indicated by the large gradient in
the temperature profile in Figure 36 and by the crowding of isotherms
in Figure 37, usually lies at 655 ft (200 m) for the area as a whole,
varying between 245 and 985 £t (75 and 300 m) (Mao and Yoshida, 1955).
The position of the shallowest thermocline appears roughly between
lat. 5°-9°N, which corresponds fairly well with the northern boundary
_of the countercurrent. Mao and Yoshida have also indicated that for
" the Marshalls area, the substitution of the 28°C isotherm for the
thermocline is satisfactory for lat. 10°-12°N or lower. For latitudes
higher than 12°N, the thermocline is less distinct but the position of
the 26°C isotherm appears to be a good approximation.

SALINITY AND OXYGEN

Figures 38a to 38d show the guarterly mean salinity at 10 m
in the western Pacific Ocean. The outstanding feature of the horizontal
distribution of salinity in the western equatorial Pacific 1s the
separation of the northern and southern high-salinity regions by one
of low salinity, usually located between lat. 0° and 10°N.

According to Cannon (1966), the low—salinty water which
intervenes between the northern and southern tropical waters is also
tropical water. He indicated that water with salinity less than 34° /oo
can be found in the eastern Pacific and that this water could be
transported westward. Another part of the low-salinity tropical water
apparently comes through the Molucca Passage from the east Indian Sea.
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In the Western Carolines along long. 137°E, Masuzawa (1967)
found that the North Pacific tropical water with salinity exceeding
35°/60 lies in the upper part of the thermocline between lat. 10° and
20°N and is in contact with the sea surface near lat, 19°N (Figure 39).
Saline water originating in the South Pacific is also detected in the
Western Carolines .and extends as far north as lat..6°N near the
northern boundary of the countercurrent. The North Pacific major
salinity minimum can be traced from the coast of Japan as far south
as lat. 15°N,

In the Marshalls, Mao and Yoghida (1955) found that the most
outstanding feature of the horizontal distribution of salinity is the
presence of a low-salinity band of low temperature at about lat. 5°-10°K
or about where the large eddies exist (Figure 40). Waters of high
salinity push toward this band of low salinity from both sides. The
~ gradient on the southern side suggests that the strongest influx of
high-salinity water comes from the southern hemisphere.

Mao and Yoshida suggested that the band of low-salinity water
results from high precipitation, absence of saline tropical water from
the north and south at these latitudes, ascent of the northern inter-
mediate water mass with decreasing latitude, and upwelling associated
with currents and eddies. They assumed that upwelling, which originates
at some intermediate depth, brings cool and fresh water into the upper
levels. The ascending northern and southern intermediate water masses
may further strengthen this upwelling.

In the Marshall Islands area, the salinity profile, shown in
Figure 36, has a topmost layer, the upper layer (characterized by
salinity maximum), the intermediate layer (characterized by salinity
minimum), and the deeper layer (characterized by weak salinity gradienmt).
Figure 41 shows the vertical salinity distribution characterized by
high- and low-salinity tongues of water coming into the area from both
north and south (Mao and Yoshida, 1955). The two tongues of high-
salinity water correspond to troplcal water (salinity maximum) whereas
the two tongues of low-salinity waters represent intermediate water
(salinity ninimum) (Cannon, 1966).

The saline tropical water originates in the tropics where
evaporation 1s usually high {(Mao and Yoshida, 1955). This water is
warm and, therefore, its density relatively low. The depth of the
salinity maximum corresponds to the central axis of the two saline
tropical waters at a depth of about 490 ft (150 m). Comparison shows
that the southern tongue is the more saline, reaching 35.60°/,, to
36.80°/,, whereas the salinity in the northern tongue rarely exceeds
35.50%/c0-
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In contrast to troplcal waters, intermediate waters have low
temperature and low salinity, properties which were acquired at the
fiorth and south subpolar areas where the air temperature iz low and
the precipitation high (Mao and Yoshida, 1955). Although of low
salinity, intermediate water is dense because of its low temperature.
Near the equator, the salinity minimum of about 34.50°/,, may be as
deep as 2,625 to 3,280 ftr (800 to 1,000 m). Of interest is the
inclination of the northern intermediate water, which lles at 1,640-
1,970 ft (500~-600 m) at lat. 20°N but rises almost linearly to 490-655
ft (150-200 m) at lat. 8°-10°N. The ascent of the northern intermediate
water with decreasing latitude is probably the result of warming of this
water mass through mixing with the surrounding water masses.

The vertical and horizontal distributions of oxygen in waters
around Micronesia are depicted in Figures 39 and 42. In the Western
Carolines, Masuzawa (1967) found that there is an outstanding oxygen
ninimum of less than 1,5 ml/liter below the thermocline extending from
the coast of Japan southward to lat. 3°N (Figure 39). The core of the
minimum changes depth in the wvicinity of lat. 15°N. 1In the Marshalls,’
Mao and Yoshida (1955) found that the main feature of oxygen distribu-
tion is the division of the vertical distribution of oxygen into an’
oxygen—saturated layer at or near the surface, an oxygen-minimum layer
at the intermediate depth, and an oxygen-rich layer at greater depth
(Figure 43). A subsurface layer of oxygen supersaturation was also
detected in the data, and Mao and Yoshida believed that this feature
was probably the result of either the intrusion of the noxthern tropical
water mass or high production of oxygen by plants, or both.

PLANKTON

Zooplankton volume in the Pacific Ocean is distributed in the
game manner as PO,-P (Reid, 1962). In general, the volumes are high in
the eastern boundary currents, low in central water, relatively high
along the equator and in two zones north and south of the equator
corresponding to the equatorial divergence (Figure 44).

The distribution of plankton in the western Pacific also has
been analyzed and discussed by Vinogradov (1968). Figure 45 shows the
stations from which quantitative samples of plankton were collected in
the Indian Ocean and western Pacific. Quantitatively, Vinogradov
found that the tropical region of the ocean is much poorer in surface
plankton than subpolar waters.

In central water, the planktonic biomass from the surface to
328 ft (100 m) is usually less than 25 mg/m or roughly 10-20 times less
than in subpolar regioms. In the equatorial currents, Vinograd0v
estimated that the planktonic blomass reaches 50-100 mg/m .

—

o
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of zooplankton volume (parts per 10° by

Figure 44 ,~-Distribution
the upper 150 m of the Pacific Ocean,

volume) in approximately
ghaded by values (Reid, 1962).



Figure &45.—-Stations at which quantitative samples of plankton were
~ taken from the different layers from the surface to a depth of more

than 2,000 m. Stations of the Vityaz and Ob (1); stations of other
vessels (2) (Vinogradov, 1968).
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Four stations were occupled by the Vityaz within or near
Micronesia. At a station to the east of the Marianas located in
western central water at lat. 19°49°'N and long. 154°02'E, the biomass
was 18 mg/m® at 0-1,640 ft (0-500 m) (Vinogradov, 1968). Further
east at the same latitude and roughly 8° north of the Marshalls or
sbout long. 172°E, Vinogradov found the plankton—poorest area of the
tropical part of the northern hemisphere with only 9.0_mg/ma at 0-1,640
ft (0-500 m). Water of the northern periphery of the North Equatorial
Current in the vicinity of Guam at lat. 11°-14°N and long. 142°-147°E
was also very poor in surface plankton with biomass of only about 8-11
nmg/m® at 0-1,640 £t (0-500 m).

FISHERIES DEVELOPMENT

The harvesting of the tuna resources in Micronesian waters
has a long and varied history. It is of interest, therefore, to
discuss some of the developments that took place prior to World War IL '
in the Trust Territory (then the Japanese Mandated Islands) and then
review the important developments in the postwar era.

PRE-WORLD WAR XII PERIOD

The development of the fisheries potential of Micronesia
goes back to the Japanese regime that followed the Spanish and German
administrations. After World War I, Japan took possession of the
iglands under the Treaty of Versailles and was given the mandate to
administer all the former German possessions north of the equator.
Japanese Civil Administration of the former mandated islands began on
April 1922. In 1935, Japan withdrew from the League of Nations and
promptly annexed the islands.

Japan was keenly aware of the developmental potential of the
fishery resources of the pandated islands. The decade 1921-30 was one
of general inquiry into the potential of the marine resources of the
numerous islands and atolls. Fishery research and exploratory fishing
jn 1925-29 showed that many islands possessed tremendous possibilities
of becoming bases for large commercial fishing operations (South Seas
Government—General Fisheries Experiment Station, 1937b).. That the
Japanese accurately appraised the tuna fishing potential of the mandated
islands is attested to by the rise in the offshore landings of skipjack
and other tunas by Japanese vessels (Figure 46).
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The Pole-and-Line Skipjack Tuna Fishery

The Japanese skipjack tuna fishery in the former mandated
islands developed only after a lengthy peried of persistent effort
(Cleaver and Shimada, 1950). Even with government subsidies, the
fishermen's early efforts failed. But gradually, suitable methods
of catching and handling bait evolved. '

Because of the scarcity of suitable live bait in many of
the island outposts, the Japanese fishermen resorted to using as live
bait a wide variety of reef fishes belonging to several families* in
addition to the anchovies and herringlike fishes (Cleaver and Shimada,
1950). Table 15 1ists fishes that were used as live bait in waters of
the mandated islands. According to Cleaver and Shimada, "fool bait,"
Spratelloides delicatulus, was preferred at Saipan and Tinlan, but
young carangids; filefish, Monacanthus sp.;_atheg}nids; and Caeslo sp.
were also caught near the reefs and used. JTkebe and Matsumoto (1938),
who published a detailed account of their bait investigation in Saipan
waters, concluded that in September-November there were no suitable
1ive bait for skipjack tuna fishing. In June-August, large schools of
"¢ arekuchi," Stolephorus heterolobus, and "akamuro," Caeslo chrysozonus,
were seen but their occurrence was very irregular. The best bait in
Palau was the anchovy, 8. heterolobus, but during periods of bait
shortage, numerous other small filshes were also used (South Seas
Government-General‘Fisheries Experiment Station, 1937b). Ikebe and
Matsumoto (1937) reported finding an abundant supply of "tarekuchi"
in Yap Bay. At Ponape, fishermen used juvenile Priacanthus sp. and
Decapterus Sp. (South Seas Government-General Fisheries Experiment
Station, 1937a), whereas at Truk, both juvenile Priacanthus and
anchovy, Anchoviella purpurea were the best bait.

1n fishing for balt, lights were particularly effective in
Palau when used with a 11ft net (Cleaver and Shimada, 1950). At Tinian,
a varlation of the lift net was used. The fishing vessel anchored near
a cliff and the crew, after setting the net, swan along the cliff,
rounded up a school of "gool bait,” and herded it into the net. To
capture reef f4sh for bait, the Okinawan drive—in net (oikomi-ami} was
used. The net, consisting of & iarge pocket flanked by wings of netting,
was set in an open spacé between the reefs. The crew swam in a large
gemicircle and herded the various species of reef fishes into the net
opening.

The Japanese initially attempted pole-and-line fishing for
skipjack tuna near Saipan, but bait was inadequate and the results were
poor, Further exploration revealed, however, that the Palau Islands
had a large, reliable supply of bait and the Japanese devoted much
attention to developing this area (South Seas Government-General Fish-
eries Experiment Statiom, 1937b; Smith, 1947). Favorable reports
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Table 15.--Scme baitfishes used by the Japanese skipjack tuna fishery
(Cleaver and Shimada, 1950).
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Table 16.—Skipjack tuna stick (katsucbushi) production in Japan,

Formosa,

(Shapiro, 1948).

and the mandated dislands,

1922-40, in metric

tons

Youy . Japan Formoua Mandated lylands
1922 10,296,% 818.7 0.1
132213‘ : 10.200.1- £23.1 tr1D 1' '
L 9,619.3%. 9,2 .
192% 9,954.9 . . . W
1926 9,65;.0 £56.1 9.9
1927 9,007.5 150.9 4.7

1508 9,51:.2 £53,0 18.9
1929 9,553.0 611.6 10h.5%
1930 1.405,2 38%.9 . *9.1
193 10,613.6 29:.7 . 8ha2

. 1 33 0,9(1'1.5_ lh?.’ - 972*9
1’2 9.%9-7 22’.6 1]’05 lz
19 11. l.h . ’,’l? 1I695'
1935 9,854 179.0 2,097.h
1936 12,758.0 220.9 2,422,
1937 '9,055.8 155.1 £,812,7
1934 7,767.8 l;a,& 2,501.2
1939 9.7%9.9 A . 3,229.6
Lo 10,022.0 HD - 2,97%.2

. al Dried nisht. Thlc te 17-14 porcant of orlsim! frash mi;ht.. :

B -
SOURCE

No dita avallabla .
21 Data compilad frem ‘Statistical Yearbooks of lgrlcult.m and Foreatry, pnb-

lished b'y Vintstry of Agriculture snd Porestry, and Yamamoto, 192,
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regarding the abundance of skipjack tuna schools and the ease of fishing
in calm tropical waters throughout the year reached Japan and induced
various Japanese fishing companies to establish bases in the mandated
islands (Shapiro, 1948). The Japanese Government not only sent Japanese
fishermen to these far-flung bases but also provided subsidies to
Okinawan fishermen to induce them to migrate to the mandated islands
(South Seas Government-General Fisheries Experiment Stationm, 1937b).

From about 1930, the Japanese established shore-based opera-
tions consisting of fleets of small pole—and-line fishing vessels (Smith,
1947). PFishing operations, originally centered around Saipan in the
Marianas and at Palau and Truk in the Carolines, were extended to Yap,
Ponape, and Kusale, also in the Carolines, and to Jaluit in the
Marshalls (Figure 47) (ILkebe and Matsumoto, 1937). The long distances
of these fishing bases from the Japanese homeland precluded the trans—
port of raw fish. As a result, all the skipjack tuna caught were
processed for export in the form of dried skipjack tuna sticks called
"katsuobushi" (Table 16).

The burgeoning pole-and-line fishery, however, was not with-
out problems. Catches fluctuated widely. Inanamd (1941, 1942)
observed that in 1939 oceanographic conditione were abnormal over a
wide expanse of ocean from the vicinity of Palau eastward to about
long. 150°E in January-March. During this period, longline catches
of yellowfin tuna declined, whereas the catches of bigeye tuuna,
Thunnus obesus, and albacore, T. alalunga, increased. The pole-and-
1ine fishing fleet at Palau, Truk and Ponape also experienced poor
fishing. The increase in catches of bigeye tuna and albacore meant
low-water temperatures in the surface layers; the low-surface temper-—
ature also affected skipjack tuna distribution. By May, when
oceanographic conditions returned to normal, Inanami found that skip=-
jack tuna fishing improved at Palau, Truk, and Ponape. He concluded
that the poor fishing resulting from adverse oceanographic conditions
in the countercurrent at about long. 150°E was temporary and that
good fishing returned when the conditions returned to normal.

The rapidity with which the skipjack tuna fishery expanded
in the mandated islands from 1922 to 1940 is reflected in the catches
given in Table 17. Maximum fishing intensity was reached in 1937 when
the catch from the mandated islands reached 36,442 short tons (ST)
(33,060 metric tons (MT)). The fleet in Palau landed 42% of the total
catch whereas that based at Truk produced 38%. ' The large 1937 catch
resulted from the operation of an unusually large number of fishing
vessels (Table 18). The fleet was reduced in 1938 because of protests
from Japanese producers and subsequent government restrictions on the
number of vessels that could be operated in the mandated islands (Smith,
1947). Table 19 shows that by 1940 the fleet was reduced to 132 pole-
and-line vessels operating in the mandated islands.
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Table 17.--Skipjack tuna catch landed in the former Japanese,
Mandated Islands, 1922-40, in metric tons (Shapiro, 1948).

Yoar | Saipan Tap palsu | Trek ponape | Jaluit fotal

1922 2,36 %0 WO T EE 9.7
rs| 2w | ais] W s} N % o
wa| 930 116 1.5% .21 o] W Ial-mh
1925 | 81 199] n53 L. 605l hos| w | 6.3
1926 | bh.gh "?.16 b | 276 0.a1] W 90 .28
ool mau | el ww o) w62 o2z | 2%
1w2s | 249 | T LS, b0 0,5] P 163,72
129 | 29 o.69| 228.00 e L 167.5%
19%0 | 251,00 0.90 | 157.06 813.%9 638 WD 1,335.75
1931 | - 56h.26 0.k ougaz | LooTAs | 5452k .26 | 206,05
i lisons | W e | Mo 5,18 | GULTE | be#sL26
1933 1.‘\!_62.59_" ' a.n;hbe 2,083 osb.85 | 17213 6,869,450
193 (2,506.00 | L9 378,65 | 10199.9¢ 1,286 | 2553 | 8,99
1995 {1,785.9% @ ls0.99 | 3002631131302 229.78 11,722.30°
1936 11,606, | W@ | 383597 5,870.23 3,695.8 | 161.73 | 3h,265.78
1937-|2,697.30 W B3.770.70 | 22.133.53 {10639 9130 | 33,000.79
193¢ |2.392.03 Jho.28 | 320,21 | 520.76 | 119558 o | 1z789
39 |eucas.09 | 2606 | 23T | 1963 sqons| w0 |10,09.2
w0 |ssms | .6 | 6.8 77,00 | 130 ] o1 | 382997

NDt No date available' . o : o o
SOURCK: Statistlesd Yoarbook of South Ses Inlands publisned by South Sea Dovern=
... .mont donsral. : S : :
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Table 18.--Number of fishing vessels in the mandated islands, 1937

(Smith,1947).
fort Below 20 tons Above 20 tomns Total No. créw
Saipan 34 3 37 630
Yap 4 - 4 - 96
Palau 89 160 ’ 249 3,154
Truk 47 3 50 817
Ponape 18 1 19 " 586
Jaluit 1 - 1 21
Total 193 167 360 5,304

Table 19.—-Tuna operations by vessels based in the southwest Pacific, 1940
(Shapiro, 1948).

Tk Type of Operallon Todaale Cparnisd Fishing Qrvinds | Anouat ar'htd Plapnaltion af Sata) -
Philipping Tolusds . . T . '
Lanbrangn Pole and itne ﬂt.li- Halon badts ~ 2 Wik 30 sea wiléy | ¥62 0 (004 M”-ﬂ. M Tl nw hn‘ly .llll‘ »r fl‘m.
: ings Live walt Fakom trats - 2 of pard fin tuew) tar shipeee). to 1,3 .l,
v fishing _ . .
Davem | role and Yine flab- | Swipieck Beaty = 5 [WIthin Dever Day Only value of oafeh glvews Hnny daetrivtsd fnr
. ingt iive Balt Tars leng 1ime - . Sipjack | = 50,000 pases Intal eosrmption
fiahing: tose leng brate - 6 . ether Vusas pf « 70,000 peses § - . .
line {tronmgn ant : . FER
' ' aval labdle} : Lo . .
Worth Bnymes : . . _ o .
Tuwdn Pale.and flne flah | #0-tma wente < 9 Wivhin 20 son milew | V643 NP axtpinek aad yettev | Lomi sitriwetion part
. ing; Live balt . . | of mungw and flo fusa {139} of skipjesk snieh pro-
Haning ) . ' Whamil : svused tatn Fiah w¥iok
. : - . R N . ' ) il lﬂ,pl & Japan
Culabes S B ) L ’
 Boentin | po1e ned 11us ik | 2otnn bonts - 10 [Within 19 sen Miten {900,000 fiek {acipdndic enh Sinetly prmsscsed nta
o tugl e it . . of Jountin and pollentin dnon); HI.M ni finh dilak el .tlppol
- flahlng Toroate flven - o Jepan
et Fala'and tias floh | Potew banba = 3 [Wiinin 10 cen mties {360,000 riow Uaidpgasw ant | inesd stotrivesiea
A fogl Live Bait nf port yollowfin vorm}; watgnt bed :
. finhlog . glven . . ’
Mundated Talands | Prid and line flems [mopra 30 sea wires ’ C. FEipjetk sastly yroveserd
) ing] tunm:1ang of pnfl - B Inte fish ilek and
’ Uae; tive balt - N ’ . : : shipped o Jupan
- flahing v . . . {metrte to .
Anipan . Sipiack bonts B -25 plaok - uan}
.o .| Tara long line other tunae uf - N
. : bosta 3 -2 .
Tap ‘ ) . Tipleak -+ 3,6
) : . Qther funas = LB
Palnu | setpinck deatn -2 Sdpjach - i.zz.l‘u
"| Toma ieng Vine ather tumss - ol
: . : Wats ~1s - - . ~
Truk . Bripiack weats -6 Tclpluek - T.Eig.t : .
Pans long 11ne Other $unsw = X3
. Boatn -1 . -
Pomnpe Setplaak boats 17 Skipjaax - 1,386,3
Co- . Tama inng Llne Othal tunae ~ 1T.¥
, bants ' -5 . ’
- datutt Wipisdk boath - 7 B Telplaak - 0.3
. . ather busge - [ K] . -
Innluden spearfishen ’ &f Tune leog 1ine Weuts.sperpied Lanally were abeat B30 teaw
$elpinck bepte rparabad lmur un lenn !hnn b} i s T M e datn avalliable

¢/ “Sew ¥avlws L} snd 19 for watch in ‘othwre yenre B0UNCE:  Data compllad by Jap Tusa Mok b herevintion,
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The Tuna Longline Fishery

A longline fishery for deep—swimming tunas was also developed
in the mandated islands, but not on a scale as large as the skipjack
tuna fishery (Shaplro, 1948). In 1931-34, several large Japanese fish-
ing firms began to show increased interest in the deep-swimming tunsa
resource, and together with several research stations began surveys to
determine the flshing grounds and the density of the population
(Nakamura, 1951). The surveys covered the area from the mandated islands
west through the Dutch East Indies and into the Indian Ocean. The '
results were encouraging, particularly for the development of longline
fisheries for yellowfin tuna, and marlins, Makaira sp. (Ikebe, 1941).
The fishing grounds for yellowfin tuna in 1940 are shown in Figure 48.

Lack of capital for the purchase of large, well-equipped
fishing vessels and refrigeration equipment contributed to the lack of
 growth of the fishery and expansion of the fishing grounds (Smith,
1947). Experienced longline £ishermen were alsc in short supply, thus
keeping longline operations limited to a few vessels (Table 19)
(Shapiro, 1948). By 1938, however, vessel operators in Japan became
aware of the potential of the mandated islands fishing grounds for
yellowfin tuna and billfishes and began to send large vessels of up to
60 net tons to fish that area. Catches of these large vessels oan the
fishing grounds around the mandated islands were good (Table 20), with
catch per unit of effort higher than those in Japanese waters (lat.
30° to 40°N) and in Ryukyu and Bonin waters (lat. 24% to 30°N) (Tables
21 and 22). The principal species taken was yellowfin tuna followed
by sizable quantities of albacore, swordfish, Xiphias gladius, and
other billfishes, and small numbers of sharks. Figure 49 shows the
fishing grounds for albacore in 1940 in the westernm Pacific.

Table 23 shows that tuna landings were highest in Palau,
which was also the leading port of landing for skipjack tuma. And
although fishing could be conducted throughout the year in the calm
tropical waters, the catch rates were usually higher in summer during

the southwest monsoon season (Table 24).

POST-WORLD WAR II DEVELOPMENTS.

In the course of World War II, most of the infrastructure
developed by the Japanese in the 1920's and 1930's was destroyed
(Nathan Assoclates, 1966). A postwar survey of the fisheries resources
of the former Japanese Mandated Islands was begun as part of the
general economlic survey undertaken by the Pacific Ocean Division of
the United States Commercial Company, Reconstruction Finance Corpora-—
tion (RFC), at the request of the Navy Department. {Smith, 1947).
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Table 20.-~Tuna longline catch janded at Misaki Port, 1938~-41
(Shapiro, 1948) . a

_ Area of operation

‘Japanese waters Ryukyu and Bonin area Mandated islands
Year (lat. 30°-40°N) (lat. 24°-30°N) (lat. 0°-24°N)

‘No. of Total catch No. of Total catch No. of Total catch
voyages .(metric.tons)..voyages..(metric.tons)__voyagea__(metric tons)

1938 478 4,562 476 7,963 185 5,319
1939 455 4,824 309 5,306 236 5,148
1940 412 5,312 212 2,571 239 8,470

1941 167 113361 137 2,844 124 5,373

Source: Data compiled by Hisaki Tuna Fishermen's Assoclation.
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Table 22.-~Composition of tumna catch obtained by longline operations
in southwest Pacific and Tndo-Pacific regions (Shapiro, 1948).

Husbae . | totad eu&h[merumt Composition of Tund Catoh} Avg !Mght of
[ |

Aras ' of. TIvaliowiin ] Dig-tyed Yoliowrin Tumk
C - Hooks Usad ioo Ms af Tune Tuna Tuna Hariim [ki‘la;rug)
Zast of Formosat : o : N TR
20°-29°0 and | 55,13 § . 191 .37 22| 80 63.% hy.e
120°-130°8 _ 1 7. ) 1 - _
Fast of Phitinpine o I _ o
falands to 130°E 1n,2%h 6,45 0.0 5. 2.3 ht.3 35.0
- Former Mandated l.shﬂln o . '
0°-12°% and 130°-470°8 | 220,526 s  foo] 1.2 9.9 | 1.3 3.0
South Chine Sen ol'f o o : o . .
Palawnn © 110,560 14,65 an| 9.3 | kS S.2 .
Sulu Bea 1 ue00 306 oo w | w e | Wi
Colabns Son - {asTase | w37 fO0G mw | w 16.3 )
North of Mew Oulnaa and o T : o o
Solowonr Telandut from | 21,702 L21  jo.0 .u T.1 1.1 37.0
130% to 160°F, _ - _
Banda Sear southesss | . - 2 ' N
and gouth of Coloves | 81,779 a.ho o.0] BIS 33 1 12 us.5
llalgbborlng mters of | . . o : . ' S
Tivor Isiand 18,756 gi9 Jool e { 38 | 76 Ls.0
Southary const ot Javt 20,624 3.89_ lo.o] 67.8 1. | s © h9.é
Soathern const of ' o . : . . o
. Sumatra ¥ | bR 10,8, 0,0 .1 .2 | 1l w
Relghhoring waters of { o o _
Andsman 1nd Mlcohar 15,568 6.2y ool 8.4 b.h 6.2 40.0
1slapds : . A R .

i/ In Japansse mter the totai tane mteh par 200 hooks amam bohmm 3 tnﬂ b rhh.

RDi Ho data avallab .

SOUSCEs Date oblaimed by Iapanens research and nshing weaseld frew 1930-4i0 and conpllod by
H, Wakesmra of the Tokyn Centrel Hshcrln Pxparimental Station,
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Table 23.--Tunas, excluding skipjack tuna, landed in the mandated
islands, 1922-40, in metric tons (Shapiro, 1948).

[Yanr | Salpan Yup | Palau | Trux Ponapsl Jalult | Tetal

Wl 1.0j m | W o 2.36] 2.,k0-} 6,97
19 1,251 1.2 Wo §. WD 1.76 >0 €.65
192 1,53 | 1. 6,75 § WO o.20] 1.3} 11,96
19291 - Lo | 1.h8 4,31 ). X - 2548 1,50 1 12,23
1926 | 231 | n.7s| We.d0 . o34 W50 - 0.8 | 55.5)
19271, 292 | 0.38 \i.20 | nab | 6,48 3.05 .28
1924 | 1.26 | 1.090142.% " ND T.15F - 1.29 ] 164,18
1929 | n.56 | 0,76§1b7.9% N4 1.62] 0.22 a2
9o f L93| 0.77] 2. 8,53 E-sh © 2,37 raan
1M 15.;& 0,56 158,61 | 29,03 | - L.3) 1.8% § F11.91
1932 | -wa,2h] wp [137.62° | 5.14 Eu 531 135.712 | 361.L5
1933 0.31 xn 22,23 5%%.39 1421 2%.47 265 A
193 21.26 7.67) 278.88 5%.39 26,091 3136 | Ra7.0%

1933 | 42,32 | 09330118 3,50 21,50 11.91 | ben.m
1936 {151,902 | ND (221,25 |172.02 | 29.96) 2abL.E5 | §87.11
1937 | 83.8° wn {129,78 | 3tp.18 56,37 3.96 | €81.17
1938 § 34,4 | 2.21] 7333 jim.k | 60,20 WD 215.93
1930 | A, zs 10of1stab [oe3en | 1581 5.k | 3605
19 mu 51 | 15.82) 686,57 | -ue.b2 | 17,31 7.47 ] Su8_ 80

5[' Includss spesrfivhes

WDt Mo data avrilable '

URCK:. Statietical Tearbook of Seuth Sea hlando. puu:n-m.a
-~ by South &esm Govermient General. ;

Table 24.--Seasonal tuna catch by longline operations in
southwest Pacific and Indo-Pacific regions (Shapiro, 1948).

Southwast Monsoon Seazem Northauat Monsnon Season
( Sumner } {Wintar)
Arsa Ho ol Hooks [Total Catch poriKo of Hooks ] Total Cateh par
_ Usnd 100 Hooks 3./ Uend . 100 Books a/f
East, of Formosa to 120%30'E 900 1.78 T.0%2 1 2.9
Fast of Prilippins Islanda ' ' '
to 130°F% 7,8,0 7.948 2,535 - 0.67
Formar Mandated Islunds: :
0°=129¥ and 130°-170°E 115,099 Sl 10%,5%27 L8
South China Seo off Palawan L1558 z,32 106,500 L.69
Crlaons Sea 10,193 5.5 1,663 L,05

North of Baw Suinpa and .
Solomon Ialanda: from 10,500 L.39 11,292 5.5
130% to 160°E

Banda Sea: wouthoast dnd

south of Celabes 20,0589 : 8.56 1,650 7.3h
Haighboring watars of Timer o . :

Iskand 2,215 | 6,23 5,95 9.33
Southern tosst of Sumatra 300, 5.67 17,128 10.72

a8/ Ineludoa yollonfin tuna, big-ayed tuna, and marlins.
LOURCE: Data ohtained by Japaneae vosearch &nd [ishing vastela from 1930-4L0 xrd
cempilad by H. Nakamura of the Tolgro Central Fisharies Experlnsantal Statlon.
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Development of the Palau Skipjack Tuna Fishery '

Attempts to revive the skipjack tuna fishery which thrived
under the Japanese administration were first started.in Sailpan in 1946
{(Smith, 1947). Two Japanese sampans, sunk at Salpan, were refloated,
repaired, and subsequently operated by the U.S. military government.
Manned by 26-28 fishermen who were pald only the regular dally wages
established by the military government, the sampans caught and distrib-
uted the:fish free to the native population. This operation, however,
was short-lived. Inexperienced crews, inadequate fishing gear and
maintenance facllities, and lack of dockslde and refrigeration facili-
ties all contributed to the abandonment of the project (Wilson, 1963).

In 1948, the Pacific Exploration Company, operating under
contract with the RFC, dispatched two fishing vessels to prospect for
tuna in ‘the western Pacific (Smith and Schaefer, 1949). The MV Oregon,
equipped for live-bait fishing, was sent to the Marianas and between
15 March and 19 April, fished for bait and scouted for tuna from Guam
north to Farallon de Pajaros and back to Guam. Although much time was
devoted to prospecting for balt along the beaches and cliffs of all
the important islands in the Marianas, very little bait was found.
Night-1light fishing at Guam, Tinian, Alamegan, Pagan, Maug, and Rota
was also tried and 3-5 1b (1.4-6.8 kg) of bait could sometimes be
netted under the light but these amounts were hardly sufficient for
& vessel the size of the Oregon.

Among ‘the islands, Guam was the best baiting area (Smith and
Schaefer, 1949). Night baiting produced 15-20 1b (6.8-9.1 kg) per
night at Apra Harbor, Port Nerizo, and Talogogo Bay, whereas day
baiting produced similar amounts at places along the cliffs on the
leeward coast. The specles taken were mixed. Half to three-fourths
of the bait caught was round herring, Spratelloildes sp., the rest being
a small anchovy. Smith and Schaefer (1949) concluded that the supply
of live bait, therefore, was uncertain and should be studied further.

Goncerning skipjack tuna, Smith and Schaefer (1949) found
that there are sufficient quantities of skipjack tuna in the waters
around the Marianas to support a commercial fishery. But because of
the limited quantities of bait in the Marianas, small boats of
limited eruising range were recommended. In 5-6 days of scouting,
the Oregon sighted 35 bird flocks and 8 fish schools, 3 of which were
identified as skipjack tuna and 1 as yellowfin tuna.

Exploration of the Eastern Carolines and the Marshalls was
conducted by MV Alaska. Fitted out as a tuna purse-seiner, Alaska
had no need for bait but made cursory examination of beaches through-
out the Eastern Carolines and the Marshalls. The results indicated
that bait was not abundant. Schools of flat herring, Macrura-sp.,
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3-5 in (7.6-12.7 cm) long, were seen.at Ailinglaplap in the Marshalls
and at Truk in the Carolines. Marshall islanders also reported that
the Japanese found large amounts of balt at Jaluit in the Marshalls.
Reports also indicated that the Japanese found bait at Losap and
Satawan, south of Truk.

Because few fish were seen durinéfAlaska's cruise, no
attempts were made to set the net. Only six schools were sighted;
two in the Marshalls, and four in the Carolines.

gmith and Schaefer (1949) interviewed natives for informa-
tion and found that January-March were poor tuna~fishing months and
that May-August were the best. They concluded that Alaska's explora-
tory cruise was made at the wrong time of the year. Furthermore,
they believed that it might be possible to develop a tuna fishery in
the Eastern Carolines and Marshalls, but that it ghould be limited
to late spring and early summer.

In the Western Carolinesg, Oregon vieited Ulithi, Yap, Palau,
Pulo Anna, Sonsoral, Tobi, and Helen Reef (Smith and Schaefer, 1349).
Bait scouting at Ulithi revealed only a few schools of fish about an
inch long. Yap had no bait at all. At Palau, however, bait was
plentiful. Schools containing from a few to several hundred scoops
were found along much of the rugged ghoreline of the many limestone
islands. The bait was primarily silverside, Atherinidae, but alse
caught were flat herring and small round herring. The most important
species used by the Japanese was a emall translucent anchovy; however,
this specles was not found by the crew of the Oregon.

Scouting for tuna in Palau waters, Oregon sighted 23 fish
schools and about 20 bixrd flocks (Smith and Schaefer, 1949). Of the
14 schools identified to specles, 7 were skipjack tuna, 5 were bigeye
tuna, 1 was mixed skipjack-blgeye tunas, and 1 was black skipjack,
 Euthynnus lineatus. Smith and Schaefer (1949) concluded that a
skipjack tuna fishery could be developed in Palau, but they recommend
a relatively small vessel for fishing operation because it would have
the advantage of moving close to the baiting grounds. A large tuma
clipper might be necessary only if fishing was carried on ocutside the
Palaus.

Despite the promising outlook for a commercial fishery for
skipjack tuna in Palau, the Trust Territory Government, working with
a limited budget, believed that fisheries development should be kept
at a level sufficient only to provide food for the Micronesian people.
But it became increasingly apparent that the Trust Territory needed
to develop its marine resources and the government saw that fishing,
traditionally an economic activity of the people of Micronesia, was
an important source of jobs and money income.
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Prepaxations for reviving commercial fishing in Palau were
started in the mid-1950's and by 1962, a complete dockside fishery
station with ice plant, sharp freezer, and storage reefer was in
operation (Wilson, 1963).

_ In 1963, the Trust Territory Government and Van Camp Sea
Food Company completed arrangements~to.begin commercial skipjack tuna
fishing in Palau (Rothschild, 1966p). The company constructed a 1,500~
ton freezer-storage plant at Malakal Harbor, purchased pole-and-line
fishing vessels from Japan and Okinawa, and manned the vessels with
skilled Okinawan fishermen snd Micronesian trainees. According to
terms of the agreement, the trained Micronesians will eventually replace
the Okinawans in the fishery. Actual fishing began in the summer of
1964, at which time six skipjack tuna fishing vessels were in operation.
Details of the Palau skipjack tuna fishery may be cbtained from Wilson
(1965) and Uchida (1970).

The pole-and-line fishing vesgels in Palau are typical of
those used for surface school fishing throughout the western Pacific.
They are characterized by a long, high bowsprit with fishing racks
extending from the tip of the bowsprit along both sides of the vessel
and completely around the stern. ' '

In 1974, there were 1l vessels in the fleet. The vessels
ranged in length from 58 to 65 £t (17.7 to 19.8 m) and varied in gross
tonnage from 32 to 49 tons. Three of the 11 vessels, operated by
Micronesian crews, had 90 hp engines and a maxisum speed of 6.5 knots.
The remalning vessels, operated by Korean and Okinawan crews, had from
210 to 320 hp engines and cruising speeds of 8 knots. Usually, these
vessels carried 18-20 fishermen.

Wilson (1966) reported on the building of a gsampan at the
Palau Boatbullding and Drydocking Association. According to Wilsen,
this vessel, named Emeraech, was almost identical in design with the
Hawalian skipjack tuna sampans, which are noted for seaworthiness,
gtability, and speed but not carrying capacity. Owned and operated
by the Trust Territory Government, Fmeraech was about 75 ft (23 m)
long, had six baitwells arranged on the afterdeck in two parallel
rows of three, and carried about 50 buckets of bait. Characteristic
of the Emeraech (and Hawaiian gampans) was the large, clear afterdeck,
unlike the Japanese- and Okinawan-designed vessels which have all
baitwells, fishholds, and iceholds on the well deck forward of the
bridge. The Emeéraech also had a sponson or fishing platform, about
4 ft (1.2 m) wide, raised about 2 ft (0.6 m) above deck and extending
around both sides of the afterdeck and across the stern. Emeraech
had a maximum speed of 11 knots and carried from 10 to 14 crew
members.
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Development cf a pole-andwlina fishery depends to 2 large

extent cn the shundance of live pait. 1In the 1920%s, the Japanese f ound
bait plentiful averywhere inglde the reafs at Palau {South Seas Government—
General Fisheries Experiment gration, 1937b). And the Oregon also con-
firmed the shundance of baitfish dlong much of the rugged shoreline of the
many limestone islands between Peleliu and Korer (Smith and cchaefer, 1949)

In hils report. The balt resources of the Palau Ialanda™ (oopdr
1iahed),lﬂilsnn concluded that the small round herring, locally ealled
gyaol," Spratallcidea delicatulus, wat the most jmportant and abundant
bait specles i Palau during & survey made in November 1956. But Smith
and Schaefer (1349) learned that & small, translucent snchovy was the

mber-one bait" of the Japanese, with the st1lverside a close gecond.

gamples of paitfish callected routinely in the 19607s at Palau
by techniclans of the Honplulu Laboratory of the Hational Marine Fisher—
ies Service {formerly pureau ol coumerclal Fisheries) jpdicate that the
pmbat-one palt" is the anchovi. Stalephorué heterolobus, call Wy at akechd’
by the Okinawan £{shermen {Uchida, 1970). Other apeclies present in the
bait samples hBve veen ldentified 2as gilverside, 1ocally called "teber,”
Allanetta woodwazral , gardinella sP-» and small round herring oL "Euaol,"

allal=-—=
8. delicatulud. The present fleet in Palau relies primarily oB Fishing at
night for anchavy, which accounts EoT apout 90% of the balt cateh.

The balting ground 1o the Palaus, shown jn Figure 50, 18 the
limestone islands area, axtending from the westerm entrance ta Malakal
Haybor gouthward to the western boat Dassage by Gamudoko Island {Uchida,
1970) . Fipure 51 shows the pain baiting area in detail. The vessels
fish for bait by night light, usually catching gufficient balt py 0400-
0500. They depart foT the fishing grounds by daybreak apd return to
port in the evening to unlogd the day's catch, vesupply, and retuym: ONCEe
again to the baiting ground. In 1964-72, the bait catch varied between
10,888 buckets in 1964 and 111,103 buckets in 1969 and averaged 68,8044
packets (MulleT, Mus)? (Table 25%. PBalting sntensity during thoae years
also fluctuated widely, from 270 to 2,860 boat nights. The catch peT
boat night was 40.3 huckete in 1964, fluctuated irregularly between &4.7
and 49.7 tuckets in 1665-68, TOEE gharply o 69 .9 buckets in 1969 then
declined prenipitinusly to only 17.0 buckets 1n 1971. The 1972 catch
rate showed & recovery Lo 45.9 bucket fboat night.

lyilson, Bv T- [1957] The bait respurces of the Palau Izlands.
fHawallan Tuna Packers, Led. . Honolulu, o0 file at Southwest Fisheries
Center National Marine Fighetries cervice, WOAA, Bonolulu, HI 96812,
21 p. {Himeugr.)

Ipuliler, R. B Somp aspects of the population biclogy of
Stolephorus heterolobus fyom Palau. praft report distributed for
information in connection with Tuna Eaitfish Workshep, 4—6 June 1974,
Heonolulil, HI 96812.
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Figure 50.——Baiting area in the Palau Islands
(Muller; see text footnote 2).
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Figure 51 ,~-Detailed map of the main baiting area in the Palau Islands

(Muller, see text footnote 2).
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Table 25.-—Annual total catch, effort, and catch per effort statistics
for the Palauan bait fishery (Muller, see text footnote 2).

Year bﬁ:;:_:s Boat nights " Catch/boat nighp
1964 10,888 270 40.3 -
1965 53,358 1,073 49,7

1966 62,780 1,406 - 4.7

1967 73,620 1,616 45.6
1968 82,082 1,784 46.0
1969 111,103 1,590 . 69.9

1970 96,462 1,565 61.6 -

1971 48,674 2,860 17.0

1972 80,630 1,755 45.9

am B
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1/5aced on data for 1966~70.

Figure 52 .~—Average monthly catch of skipjack tuna.in the Palau
fishery 1966-71 (Uchida, in press) .
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In Palau, year-round fishing for skipjack tuna is possible,
although the catches fluctuate widely from month to month. Monthly
catches, averaged for the years 1966-71 and shown in Figure 52, peak
twice during the year. A major peak appears in July and a minor one
in November. The average monthly catch varied from a low of 203 ST
(184 MT)} in March to 905 ST (821 MT) in July {(Congress of Micronesia,
1972). The pre-World War II Japanese fishery also experienced the
summer and winter peaks in abundance (Uchida, 1970). The poor fishing
in February was assoclated with generally lower water temperatures at
this time of the year due to heavy rains (South Seas Government—General
Fisheries Experiment Station, 1937by.

Annually, the catches from the Palau skipjack tuna fishery
varied between 3,243 and 9,304 ST (2,942 and 8,441 MT) in 1966-70
(data for 1971 incomplete), and averaged 5,773 ST (5,237 ML) (Table
26). Catches made in Palau in 1966-71 compare favorably with those
nade by the Japanese in 1922-40 (Table 17).

Japanese Southern Water Pole-and-Line Fishery

The most dramatic increase in fishing effort and catches of
skipjack tuna from Trust Territory waters since the end of World War II
has been made by the Japanese pole~and-line fishing fleet. The develop-
ment of Japan's southern water (refers to waters south of lat. 24°N)
fishery stems from the realization that the skipjack tuna resource in
Japan's coastal waters was nearing the limit of exploitation (Tohoku
Regional Fisheries Research Laboratory, undated 4). A second prime
consideration for expansion southward was that the large available
skipjack tuna resource in the southern waters could be exploited during
the off-season for skipjeck tuna in Japanese coastal waters.

Figure 53 depicts the geographical location of skipJack tuna
fisherlies and fishing areas in the Pacific in the early 1960's. All
the fishing at that time was confined to areas relatively close to the
coastlines of Central and South America and Japan and near island groups
in the central and western Pacific. From about 1962, Japanese vessels
operating out of ports in several prefectures (Kagoshima Mie, Shizuoka,
Ibaraki, and Miyagi) and carrying live anchovies, Engraulis japonica,
obtained from bait stations in southern Japan, began to move into
southern waters along the Bonin and Mariana archipelagoes (Tohoku
Regional Fisheries Research Laboratory, undated b).

The principal fishing grounds in the southern water fishery
are divided into the Bonin~Mariana region, which is usually fished in
July-October, and the Caroline Islands region fished from November
through March (Iwasaki, 1970). The expansion of the fishing grounds,
shown in Figure 54, continued over the years so that by 1971 some
vessels were fishing in equatorial waters between Truk and the Marshalls
and south of the equator in waters from lat. 1°-5°S between long. 147°
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Figure 54.--The monthly movements of the skipjack tuna fishing
grounds in southern waters. Areas of intense fishing effort

encircled by solid line; area of moderate effort shown by broken
line (Tohoku Regional Fisheries Research Laboratory, undated d).

Note:

Numerals denote months of year.
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and 157°E. Generally, large vessels (>300 MI) tended to seek out and
develop new, more distant fishing grounds, where the medium-sized -
vessels (about 200 MT) remained on the established grounds in spite

of poor fishing. Figure 55 shows the extent of the fishing grounds for
" gkipjack tuma not only in the southern water area but also throughout
the Pacific basin.in 1973.

Figure 56 shows the statistical areas established for the
principal fishing ground in the southern water fishery whereas Table
27 shows percentage of fishing effort and catch per day's fishing in
these statistical areas in 1963-69. In general, areas west of the
Marianas and around the Western Carolines received a large proportion
of the fishing effort.

The supply of live bait is an extremely jmportant factor in
the survival of the southern water fishery (U.8. Naticnal Marine Fish-
eries Service (NMFS), 1974d). Presently, all the bait used in this
fishery is obtained in southern Japan and carried by the vessels to
the fishing grounds. Bait-carrying capacity varies with vessel size}
for example, a 190-ton vessel carries about 370 buckets of bait
whereas a 350-ton vessel carried 500-600 buckets.

A trip to the southern water fishing grounds requires about
.30 days but only a third of that time is spent fishing (U.S. NMFS,
1974d). The result of such long trips is high bait mortality which
until recently varied from 30% to 60%. The major cause of bait mortal-
ity is the rapid rise in sea-surface temperature as the vessels steam
gouthward from cold te warm water (U.S. NMFS, 19743) . Some Japanese
researchers believe that higher water temperature is conducive to
disease outbreak whereas others feel that increased temperature will
promote spawning and, therefore, weaken the baitfish (Otsu, in press).
To reduce bait mortality, Japanese improved bait-tank design and
refrigerated the bait-tank water. Also, taking on "geasoned" anchovy
which had been held in bait compounds and fed regularly for periods of
a week to a wonth:significantly réduced mortality. Survival rates in.
recent years have been .70%-80%. .- '

Monitoring the southern water catches of skipjack tuna which
were being landed at the poxt of Yaizu, Kasahara (1971) showed a pattern
evolving among returning vessels. Generally, very few returning vessels
fished the southern waters in May-June (Figure 57). In July, there was
an increase followed by a slight decrease until October and another
increase until December. There was a sudden decrease in January followed
by another increase in February and March. The low numbers fishing in
southern waters in May-June reflects the shift to albacore fishing in
Japanese coastal watexs. The increase in October reflects the end of
the skipjack tuna season in coastal waters off Japan and many vessels
then enter the southern water fishery. The January low reflects the
tie-up of many vessels during the New Year's holidays.
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Figure 56.—-The subdivision of the principal fishing area in

southern waters from November through April (Kasahara,

1971).
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Table 27.--The percentage fishing effort (upper row) and the

catch per day's fishing (lower row), in tons, shown by sub-

areas as designated in Figure 56 from November through April -

(Kasahara, 1971).
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The number of vessels returning from southern waters to
Yaizu also reflects the landings at this port (Tohoku Regional Fisher-
ies Research Laboratory, undated b). Usually, landings were high in
November-December and February-March. Landings per txip show small
variation ranging between 33 and 55 ST (30 and 50 MT) At the end of
the 1971 fishing season, it was estimated that the southern water
fishery for skipjack tuna contributed from 20% to 307 of the total
Japanese skipjack tuna landings.

Table 28 gives the numbexr of vessels returning monthly to
Yaizu, monthly landings, landings per trip, and the seasonal landings
in 1964-71. TFor the southern water fishery, a season extends from May
to the following April. It should also be mentioned that landings of
skipjack tuna caught in southern waters area are, at best, minimal
because at Yaizu, they represent roughly 50%-80%Z of the total southern
water fishery landings (U.S. NMFS, 1974d).

Based on Yalzu figures, it is apparent that the landings,
except for 2 years, have grown from 15,454 ST (14,020 MT) in 1964 to
56,532 ST (51,286 MT) in 1971. The drop in landings in 1566 was
attributed to a decrease in fishing intensity as many of the pole-and-
iine vessels experienced good fishing In coastal waters and remained
there instead of heading for southern waters. In 1968, a typhoon in
the Marianas curtalled fishing. Furthermore, it is believed that many
vessels fishing further west in southern waters chose to umload at
the ports of Makurazakl and Yamakawa.

Iwasaki (1970), who analyzed the variation in catch among
vessels fishing in southern waters, noted that the trend towaxrd higher
seasonal landings does not necessarily reflect better average catches.
Calculating the average annual catch of all vessels over 150 toms,
Iwasaki found considerable annual variation (Figure 58). By area,
Iwasaki found that in the Bonin-Mariana area the average catch pex
. vessel was good in 1963-67 and poor in 1959-61 and 1968. 1In the
Carolines area, average catches were rather stable; the exceptions
were a very good season in 1967 and a very poor season in 1968.

Recognizing that when the average catch per vessel in the
Bonin~Marisna area was high in July-September the catches were also
above average in the Carolines in November-March, Iwasaki {(1970)
indicated that it may be possible to estimate the Carolines catches
on the basis of the Bonin-Mariana catches. For the Bonin-Mariana
area, Iwasaki found that variations in surface temperature and catch
per vessel showed similar tendenciles (¥igure 59). Low temperature in
1963 and 1968 correlated positively with very poor fishing seasons.
Temperatures were relatively high in 1964, 1967, and 1969, when fishing
was good. He concluded that fishing condition for skipjack and yellow-
fin tunas in the Bonin-Mariana area in amy given year is laxgely
influenced by prevailing water temperature.
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Figure 58.--The variations in annual average catch (Iwasaki, 1970).
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Figure 59.--Annual variations in water femperature and catches
(Iwasaki, 1970). :
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In areas where fishing 1s good, the Japanese pole—and-line
vessels average up to 8.8 ST (8 MT) of fish per vessel per day of
fishing (Figure 60) (U.S. NKMFS, 1971c). 1In October 1971, for example,
the vessels reported that on the main fishing ground located near the
equator and lat. 8°N between long. 150° and 160°E (between Truk aund
Greenwich Islands south of Ponape), the catch was 3.3-6.6 ST (3-6 MI)
of skipjack tuna per vessel per day. Further north near ilat. 14°-20°N
and between long. 142° and 148°E (between Guam and Uracas Island in
the Marianas), the catch per vessel per day was slightly better,
averaging between 4.4 and 8.8 ST (4 and 8 MT).

Although small, the landings of yellowfin tuna caught by the
pole-and-line vessels operating in southern waters should be mentioned.
Kikawa and Warashina (1972) have studied the landings of yellowfin tuna
and found that they averaged 4.9% of the total landings with monthly
averages varying between 1.6% and 9.9Z. The sizes of these yellowfin
tuna ranged from 1 to 43 1b (0.5 to 19.5 kg) but most were between 3
and 53 1b (1.4 and 2.3 kg). Kikawa and Warashina also estimated that
the number of fishing days with catches of yellowfin tuna averaged
30.1% with monthly averages between 16.8% and 48.3%.

Japanese Southern Water Purse Seine Fiahery

In 1972, Yabe reported that anchovy, which are used as live
bait by Japanese pole-and-line vessels, survive for a maximum of 50
days, but more normally for only about 5 weeks. Therefore, even if
larger pole-and-line vessels are built, their operating range will
still be limited and their eastern limit will probably be around the
Marshalls, Yabe estimated that about 40 Japanese tuna longline
vessels will be replaced each year by pole-and-line vessels and that
within 3 years there may be as many as 200 large pole-and-line
vessels fishing in southern waters. He anticipated serious problems
from the standpoint of scarcity of bailt for all the large vessels.
Since purse seiners are not dependent on live bait, Yasbe encouraged
more rapld development of the tuna purse seine fishery in Japan.

Japanese attempts to capture surface schools of tuna with
purse seine in southern waters started in 1964 when Taiyo Fishing
Company dispatched the 240-ton selner, Kenyo Maru, to the New Guinea-
New Zealand area (Watakabe, 1970). Attempts to selne large~ and
medium-sized schools of skipjack tuna in waters north of New Guinea
failed. In 1966, the Japanese Fisheries Agency undertook the develop-
ment of tuna purse seining, and a full-scale test was started in the
western equatorial Pacific during the slack, winter months (early
November through mid-March) in the coastal waters of Japan.
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Watakabe (1970) reported on these early trials, which were
held near the equator (lat. 0°-5°N, long. 137°-140°E) to the north of
New Guinea and near Palau Islands. The Japanese purse seiners experi-
enced a success rate of only 30% in these early trials. Problems with
varisble weather, clear water, deep thermocline, and subgurface cur-
rents have all hindered the progress of exploratory purse selning in
the western Pacific.

The erratic behavior of skipjack tuna schools in the western
Pacific has also been mentioned as a cause of failure in purse seining
(Watakabe, 1970). Many of the schools in the vicinity of islands and
banks are feeding on young sardine ox flying fish and can be seen
bresking the surface and causing the water to "boil." These fish
aggregate in large schools. Offshore schools appear to be moving
faster and often the direction of movement is unpredictable. The
catch records of four seiners that operated in Trust Territory waters
in 1966-69 are given in Table 29.

In the early 1970's the semi-government Japan Marine Fishery
Resources Research Center (JAMARC) assumed responsibility for the
developmental work in purse seining (U.S. NMFS, 1974d). In October 1970-
March 1971, two seiners were chartered to continue exploratory fishing.
And although these seiners captured up to 19.8 ST {18 MT) of skipjack
tuna in a single set, most of the catches were smaller (Table 30).
The conclusions drawn from these tests were that skipjack tuna schaols
can be seined in tropical waters under certain conditions, that
geinable schools are found associated with floating logs, and that
purse seilne success rate is increased if sets are made at dawn or
dusk rather than during midday (Yabe, 1972).

In 1974, JAMARC chartered the 499-GT purse seiner, Fukuichi
Maru, which made three exploratory purse gseining cruises around the
Marshalls and Carolines (U.S. NMFS, 1974a, 1974b). During the first
2-month survey, the seiner caught 252 ST (229 MT) of skipjack tuna
and 58 ST (53 MT) of yellowfin tuna, a total of 310 ST (282 MT) of
tuna in 27 sets or an average of 11.5 ST (10.4 MT) per set (U.S. NMFS,
1974c; Otsu, in press). On her second cruise to the southeast of
Palau, Fukuichi Maru found £fishing slower. In 10 sets, 24 ST (22 MI)
of skipjack tuna and 36 ST (33 MI) of yellowfin tuna were taken or an
average of 6.1 ST (5.5 MI) of tuna per set. The third cruise started
in the Eastern Carolines (lat. 4°-8°N and long. 145°-151°E) where
three sets yielded 20 ST (19 MT) of fish. Heading to waters southeast
of Palau, the seiner continued to experience poor fishing. Fourteen
sets yielded 140 ST (127 MI) or an average of 10.0 ST (9.1 MT) per
set. Toward the end of the survey, Fukuichi Maxu caught 22 ST (20 MI)
in one set at lat. 2°N and long. 144°E.
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Table 29.--Catch records of four Japanese purse seiners operating in
gouthern watérs, 1966-69 (Watakabe, 1970). :

_ : Year
Veasel 1966 1967 1968 1969 (1 trip
only)l
No. 3 Bayabusa (3 trips) (1 trip)
Maru Skipjack Skipjack Skipjack
8¢ tons 60 tons 67 tons
Yellowfin
50 tona
No. 23 Taikel (3 trips) (2 trips) (3 trips) _ _ :
Maru Skipjack Skipjack Skipjack pid not fish
104 tons 43 tons 80 tons
- Yellowfin Yellowfin Yellowfin
31 tons 5 tong 36 toms
Nissho Maru (1 trip) (4 trips) (1 txip)
No catch skipjack Sskipjack - Skipjack
146 tons 26 tons 53 tons
Yellowfin Yellowfin Yellowfin
56 tons 56 tons 25 tons
Fo. 58 Tokiwa (3 trips) ; _
" Maru Skipjack Did not Skipjack
73 tons fish 81 tons
Yellowfin :
102 tons

\Translator's note:

‘correspond with data presented on preceding page.

These Figures for 1969 do not exactly
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For three cruises, then, Fukuichi Maru set on 53 schools
associated with drifting objects and caught 185 ST (168 MT) of
yellowfin tuna, 353 ST (320 MI) of skipjack tuma, and 13 ST (12 MT)
of miscellanecus species.

L Because of the success of Japanese seiners in setting
around skipjack tuna and yellowfin tuna schools that are associated
with drifting objects, Japanese researchers have initiated studies

on the possibility of aggregating tuna under artificial drifting
objects (Otsu, in press). Preliminary results have already indicated
that there is some merit in this approach.

At present, Japanese fishermen consider purse seining to be
commercially feasible and several commercial seiners are operating in
the western Pacific and in the Coral Sea (Otsu, 3in press). Qverall,
the catches are averaging 11 5T (10 MI) per set and about 80% of the
sets are successful in catching tuna. Compared to United States
seiners in the eastern tropical tuna fishery, Japanese seinexs are
considerably smaller, varying from 250 to 500 GT, and average smaller
catches per set. The Japanese fishermen believe that they can achleve
success under the following conditions:’

1, Schools must be assoclated with drifting objects
(driftwood, etc.).

2. Sets must be made either early in the morning or at dusk.

3. Nets must be larger than those used in the eastern
Pacific.

When a school 1is found assoclated with a drifting object, a
geiner may often follow it until dusk or early morming (Otsu, in
press). Marking the drifting object with a radio buoy or lights, the
seiner may track a school overnight and set on it in the early morning.

Table 31 gives the dimensions of the nets used by Japanese
tuna purse seiners.

Japanese Longline Fishery Development

Longline fishing for subsurface tunas in the westemn Pacific
was reestablished by the Japanese after the end of World War II in the
area authorized for Japanese fishing by the Supreme Commander for the
Allied Powers (SCAP) on 22 June 1946 (Figure 61). On 11 May 1950,
roughly 4-1/2 years after the war, a new phase of the Japanese tuna
longline fisheries was 1aunched when the Commsnder-in-Chief, U.S.
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Table 31.--Dimension of nets used by Japanese purse seiners operating
in the western equatorilal Pacific Ocean {Otsu, in press).

Vessel
Nippon Maru

Héyabﬂsa Maru

No. 58 Tokiwa Maru

No. 55 Hakuryu Maru

— —

Wakaba Maru
No. 23 Taikei Maru
No. 28 Kohoku Maru

No. 85 Seishin Maru
{two~boat seining)

No. _?_[ Konpira Maru
{two-boat seining)

'Area used
Eastern Pacific and
West Africa (U.S.-
type seiner)

North of Papua New
Guinea

North of Papua New

~Guinea
Japan coastal waters

for skipjack and
yellowfin tunas

do.

do.
do.

do.

do.

El

Size of net

110 m deep
‘or
118 m deep

220 m deep

250 m deep

150 m
or
220 m

deep
deep
220 m deép
200 m deep
261 m deep

350 m deep

240 m deep

X

X

X

X

1,025 m iong
1,350 m iong

1,600 m long

1,960 m long

1,500 m long
1,500 m loﬁg
1,500 m long
1,500 m long
2,ﬁ25.m long

1,700 m long

2,400 m long
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Figure 61.,—-Horizontally lined border indicates extent of the CINCPAC-
SCAP authorized Japanese fishing area as of 11 May 1950. Broken
black line indicates area authorized for Japanese inspection vessels.

. Dotted-stippled border shows extension south of lat. 24°N to the
equator for Japanese tuna mother ship operations. Solid black line
around Mariana, Marshall, and Caroline Islands shows the U.S. Trust
Territory of the Pacific Islands (Shimada, 1951).
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Pacific Fleet (CINCPAC) and SCAP permitted the Japanese to send tuna
mother ship expeditions to defined areas of the high seas adjacent to
the Caroclines, Marianas, and Marshalls (Shimada, 1951).

Figure 61 shows not only the orxiginal area authorized by
SCAP, but also the area authorized for inspection vessels and that
designated for mother ship operations. The first mother ship fleet,
consisting of a large refrigerated carrier and 25 longline vessels,
was outfitted in Japan and began fishing on 17 June 1950 (Shimada,
1951). The general area of operation in Trust Texrritory waters is
shown in Figure 62.

The total catch in 79 days of operation in waters south of
the Carolines (between 17 June and 5 September) reached 8,118,834 1b
{3,683 MT) (Shimada, 1951). Table 32, which shows the catch by species,
ipdicates that among the subsurface tunas in Trust Territory waters,
the yellowfin tuna was by far the most abundant, comprising 50Z of
all the fish landed. WNext in lmportance was the bigeye tuna. Albacore,
bluefin, and skipjack tunas comprised only a small percentage of the
catch.

Shimada {1951) noted that the catcher boats attached to the
expedition experienced catches that fluctuated widely. The average
catch per vessel, shown in Figure 63, was high when operations first
commenced but fell to about 2.2-2,8 ST (2.0-2.5 MT) per wvessel per day
ags the peak fishing season in May-June passed. The expedition moved
eastward and found new productive grounds. In mid-July, the vessels
had several days of good fishing in waters adjacent to Kapingamarangi
near lat. 1°-2°N between long. 153° and 154°E. In late July and early
August, some of the best fishing was encountered near Kapingamarangl.
Based on current drifts, Shimada believed that the zonme of good fish-
ing was probably within the Equatorial Countercurrent and close to its
southern border. In late August, catches fell to lower levels at the
¢clase of the season and as the expedition shifted northward out of
the productive area.

Catch rates, according to Shimada (1951), were 3.23 tunas
and spearfishes per 100 hooks and 3.85 fish for all species. 1In
contrast, Nakamura (1943) reported an average of 6.05 fish per 100
hooks from Trust Territory waters in prewar years. According to the
fishermen, changes in hydrographic conditions were probably most
responsible for the lower catches made by the expeditiom.

After the initia) tuna mother ship operation and until
October 1951, eight others took place (Murphy and Otsu, 1954).
General observations on the methods, catch, and area fished during
these expeditions have been published in Ego and Otsu (1352) and Van
Campen (1952). Table 33 shows the size, operating area, and period
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Table 32.--Total catch, by species, of the first Japanese tuna mothex

ship expedition, June-September 1950 (Shimada, 1951).

Species Quantity Caught |
Yollowfin tuna (MNeothunnus mACTOPLOIUS) weseneroancraoancersnenes 4,574,358
Big*eyﬁd tuna (Parathu.nnus 8ih1} sesctssrrcnssarsnsssssarnsnanens 699,014
Albacore (Thu!'l.!_l;_u_'&; germO) o.o.uoot-n-oa..o..-o..nii.a.a.on--...----n ' 55.378
Bluafin tuna (Thunnus Orientalis) an-.i.ao;lo.o-.looon.-ooaglgononcil 5’430
Skipjaok (Katsuwonus pBl&miS) .t.-,.cno-c.o--.-oo..-o-o-o-o--looc.l 6;958
Black marlin (I’Sﬂk&ira mazara] olotntctoll.....00;00.0.l.I.t..O.iCCO 1’760g389
Wwhite marlin (I‘Iakaira mrlina] T T L L LR L -.-u-.ool-o.r 4'8,182
Striped rlin (I'hkaira mitsukllrii} io.t.o-in.-oono.-l..oo‘lidl.l 1|229
Sallfish?/ (1st1oDhOTUS Orientalis) seesssssscassocnccscasaacioons 28,160
Swordfish (Xiphias Eladiuﬂ) oo--o.a--O-conno.oaop.."ouccooocottlao 13’656
shark ‘....'...-...'.‘...’.....'.'......'....’.‘-....I.....'.....’I.‘.... 895’022
Otherﬂg/.'....n...n-;.._--..'.....‘...u...........n.'-.-.-n..--u. 23104'8 . .

TO‘tal .o.t-lt.....li..toatq.o-olonalooln.ln-dto.lo. 8.118.§34

_'I_/ST&T'ISTICS PROVIDED 8Y THE JAPANESE FISHERY AGERCY AND CONVERTED TO PQUNDS, UJING THE

CONVERSION FACTOR OF 8,27 LBS, = 1 KAN. .
2/1NCLUDES SHORT~NOSED MARL (N {1;1552123¥§ EB;!LB%QIEL;).- .
3/INCLUDES BARRACUDA (§?ﬂ135£§3 ARGENTEA), WAHOO [ACANTHOCYBIYM SOLANORL), AND DOLPHIN:
- (cORYPHAENA HIPPURUS]. . .

Table 33.-—Size, operating area,.and period of the Japanese tuna
mother ship expeditions in the western equatorial Pacific Ocean
(June 1950-June 1951) (Ego and Otsu, 1952).

R Motherships | No. - .
xpadition Hame Gross Tonnagel Catcher | Area Fished Perlod Fished
- (Metric tons)| Vessels :
_ 19-99%, lat.;- June 17, 1950 -
I - [fenyo Maru No, 2 10,619 25 13,00-157%%. longs |September 5, 1950
1079, 1at,; . |July 20, 1950 -
1 Kalko Naru 2,90 | .23 |1e70 1490k, iong, |September 30, 1950
. 19-50N, lat,; December 1, 1950 -
{11~ [Fenryu Marn 571 6 13421410, long. |December 26, 1950
v Tenryu Maru -5 1 30600, lat.; 1509 February 1, 1951 -
Tosul Maru 362 161930'E, long, Fetruary 24, 1951
v enyo Maru No. 3 3,589 16 19-69N, lak.; March 21, 1951 -
Banshu Maru No. 35 999 1979-165°E, long. |dJune 13, 1951
VI fenryd Maru Lk 8 19-8%N, 1at.; Thpril 22, 1951 -
- osui Maru 362 157°-163°E, long. |May 25, 1951,
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of fishing of the six tuna mother ship expeditions between June 1950
and June 1951. Ego and Otsu (1952) published data from six expedi~-
tions and these are given in Table 34. Table 35 shows that the catch
rates among the six expeditions did not vary by much. The first
expedition achieved the lowest catch rate for all specles with 3.85/100
hooks whereas the third recorded the highest of 4.76/100 hooks (Ego

and Otsu, 1952). Van Campen (1952), reporting on three subsequent
expeditions, found catch rates of 4.47 in the seventh, 4.04 in the
eighth, and 3.55 in the ninth (Table 36). The overall average of all
species for the nine expeditions was 4.10/100 hocks (Table 37).

Murphy and Otsu (1954) analyzed the catches of the nine tuna
mother ship expeditions and the results indicated that yellowfin tuna
were most abundant between the equator and lat. 4°N whereas the abun-
dance of bigeye tuna and black marlin appeared to increase north of
lat. 4°N. Examination of temperature sections revealed no signs of
upwelling as contrasted with the central Pacific; however, the relative
distribution of yellowfin tuna latitudinally in the western Pacific
was similar to that in the central Pacific. On'the other hand, the
absolute level of the population of yellowfin tuna was higher in the
central Pacific in 1951 than in the western Pacific in 1950-51.

The similarity in thé relative latitudinal distribution of
yellowfin tuna in the central and western Pacific suggested a possible
conflict with the upwelling-plankton-forage tuna cycle proposed for
the central Pacific by Murphy and Shomura (1953). Murphy and Otsu
(1954), however, suggested that this conflict may not be real and that
there may be upwelling in the western Pacific during some months and
during some years as suggested by Mao and Yoshida {1955). An inte-
gration of average conditions rather than the momentary ecological
gituation measured by hydrographical and biological data may also be
responsible for the distribution pattern of yellowfin tuna. Murphy
and Otsu also suggested the possibility that pecullar ecological con-
ditions near the equator favor yellowfin tuna at the expense of other
fishes with or without upwelling. Slight or occasional upwelling
superimposed on this background may have permitted the expansion of
the yellowfin tuna population.

Nakamura (1951) dealt with fishing conditions for subsurface
tunas and spearfishes in waters of the former mandated islands in
considerable detail. Among his findings was that there were conspicu-
ous differences in fishing conditions in different parts of this region.
Table 38 shows that in the area south of lat. 5°N, which comes under
the influence of the Equatorial Countercurrent, yellowfin tuna were
distributed very densely, whereas north of lat. 5°N or in the region
of the North Equatorial Current, their density fell off very sharply.
Nakamura concluded that this region has superior grounds for longline
fishing. Changes in fishing conditions accompanied changes in season,
but these changes were comparatively slight, indicating generally
stabilized fishing grounds.
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Table 34.--Japanese tuna mother ship expeditions catches and average
weights (in pounds), by species (Ego and Otsu, 1952).

- ¥ X P ED T T IO N 3
Bpecles Firat Second |  Third _ JFourth | Fifth Sixth
Total 1Avg, %otal JAvgd Total {Avgl Total jAvgd Total JAve, ‘ro&_ajﬂ Avg,

Fallowfin tuna fh,572,098] 75 [3,245; 86101 395,889 67| 805,609| 78 2,362,692 741 710,739] 75
pig-eyed tuna | 698,761] 80 396,913} 98 | 58,279] 901 138,979 96| 863,066| 86| 158,597 98
Albacore a 65'355 l&s 213’223 L8 33027 102 10,015 Il-6 ]-13706 h8 asas 36
Black tuna 3,428} 343 - - - - - - ©O2Ti36L - -
Skipjack tuna 6,966 8 16,671| 12| 1,234} 9 so2f 7| 8351 w0 2,550 7
Black marlin 11,759,751|131 b.,!oh'?,ﬂ? 1,91 72,609 (117} 295,098|132 | 658,987{131| 211,412{125
White marlin 48,164|171 2,486[166 ¢ 5,493|172 7,9661150 20,932 | 146 2,273126
S5ailfis 28,1501 Al 11,%0L| 32| 3,156] 40 8,605| 37 35,002 37 10,818| 39
Swordfish 13,651| 76 6,3081 91| 3,656| 58 2,363) 98| 11,440] 85 3,5761102
Striped marlin} - 1,228]123 1,605[1231 - 190} &0 231|116 g2L| 87 3701123
Sharks B9L4,6981 561 402,518 72 37,025 94 28,917| 73§ 385,738| 66 K1, 76| 69
Dthera?/ _230ist 28] 21.298) 29 4,0051 38) 32,23uf 231 23.396] 191 16.604] 23

Total 8,115,895 . |5,577,92 589,653 1,310,519 s 375,204 » 159,563
7/ THCLUDES SHORT-NOSED SPEARFISH {TETRAPTCRUS PREYIROSTRIS) .
2/ INCLUOES HISCELLANEOUS SPECIES,-SUCH AS WAHOD, DOLPHIN, AND BARRACUDA,

. Table 35.~-Catch ratés of Japanelse'tuna mother ship expeditiohs
: : . (Ego. and Otsu, 1952). S

' BER f W (X)) HOOK Wile
Species o EXPF : .

P First | Second | Third ] Fourth | Fifth | SIxth
Big-eyed tuna .33 Q.32 037 0.38 0.70 Q.43
Albacore 0.05 0.04 0.11 0.06 0,02 .| <0.01
lBlack tuna ' £0.01 - - - 40,01, -
Skipjack tuna 0.03 0.11 0.08 0.02 <0.01. 0,09
Black marlin 0.50 0.76 0.36 0,59 0.35 Q.45
‘White marlin 0.01 0.01 0,02 0,01 0.0L <0,01
Sailfish and Shortnosed : . :

spearfiash . ' 0,02 0.03 0.04 0,06 0,07 0,07
Broadbill swordfish <0,01 0,01 0,04 0,01 0.0l £0,01
Striped marlin <0,01 | <001 £0,01 <0,01 <0, 0L <0,01
Sharks 1 0.60 0.44 0.23 0.10 0.41 | Q.16
Others 0,03 0.06 0.13 0.14 0,08 0.191].
funas_and marling 3,23 3,77 L4 4,0 384 3.40 3,55

] Total - 3.85 1[-2? . }-&-76 L.OS 3089 3089
< LESS THAN .
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Table 36.--Essential data on the seventh,

tuna mother ship expeditions (Van Campen,

eighth, and ninth Japanese

1952}.

EX-PEDITION

{9,329 tons)

Seventh Eighth Ninth
Managing CONCOITL sessees Nippon Suisan K. K. Taiyo Gyogye K. K. Wansei Sulsen XK. X.
Mﬂtherﬂhip sassdedvaThEE Settsu Maxu TGEEE Maru No. g.

(10,620 tons)

g%ggxg;ﬂaru
577_tons)

Yumber of catchalsS sess.

26 {and 2 boats)

25 (gnd 1 poat )

% {and 2 boats)

Toft pOTh sevecincansase
Ret\lrneﬂ to por‘b amen b

May 31, 1951

Soptember 5, 1951

Tuly 20, 1951

November 4, 1951

September 3, 1951
Woverber L, 1961

Fishing bLogan sseesnesss
Fishing Bndad YL ELE R

Tune 5, 195t
August 26, 1951

August 2, 195)

October 24, 1951

September 17, 1951
October 20, 1851

Arca fiched sseessssesver

1© - 13° N. lat.

1530 ~ 1790 E, long,|

1° -~ 13° N. lat.

ma eatbChll sasesnosvssver
gpearfish catCh seessess
Sharks and miscellaneous
Total catth caserecen

6,228,286 1bs,
2,149,787 1bs.

854,341 lbs.

g,2%2,414 lbs,

4,348,407 1bs.
1,526,229 1bs.
1,173,497 1bs.
7,048,153_1b3.

1519 - 179°E, long.

10 -~ 109 N, lat,
1620 ~179° E, long.

326,276 108,
173,042 1bs.

23,404 1bs.

528,722 lba.

Total boat/days fished 1,312 1,219 126
Yerage catch rate
(£ish per 100 hooks

1 per dﬁ}') TS LA AR AN, 4.47 4.04 3-55

Table 3?.f-Catch rates
: tuna mother s

by the seve
hip expeditions (Van Campen,

nth, eighth, and ninth Japanese
1952).

Number of Fish Caught Per 100

Hooks Per Day Fished
Species Expedition g’;ﬁzﬁ oo
F_i 7en | 8th | 9th | 1 Through 9

ellowlin tuna .. 2.00] L.641 1.40 2.14
Big-eyed tuna ... 0.93} o.,20| 0.88 0,62
Albacora T YT L 0.06 0.16 0.10 000?
Black tUDR ssarss <0,01 <0.0L1 <0.0) '40.01
Skipjack tuna eas 0.07 0.06 0.08 0-05
Black marlin .e.e.. 0.60] 0.48| 0.75 0.53
White marlin s... <0.0Y l<0,01 }<0,01 «0.0)L
oni11f1sh and ghort- .

nosed spearfish | 0.04 0.04] 0.03 .04
Broadbill sword-

TI8H sescnosoanse 0,01 g0.01 | <0.01 <0,01
gtriped marlin .. <0,0% k0.0l | <0.01 <0,01
ThaTKE sessssscse 0,57 0.75 | 0.14 0.54
OLHerE eeseevsnss 0,09]| 0,10 | C.16 0,08
' TOta) oovers | 247 4,04 | 3.55 4,10
£ LESS THAN.
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Table 38.--Comparison of fishing conditions on either side of lat. 5°N

(Nakamura, 1951).

Bigeye

Yellowfin Spearfighes Total
Area Number Number | Catch | Number| Cateh | Number| Catch | Number | Catch
of hooka of fish | rate of fiah | rate of fish | rate of fish | rate
0° - 5°N. [417,851 | 16,706 | 3.99| 2,059 | 0.49 | 2,928 | 0.70 | 21,819 { 5,22
5% _10° N. | 229,838 5,022 2.19 1 1,226 0,53 1, 824 0,19 8,088 3,52

Note: Longitude is not taken into consideration in this table,

Table 39.-—-Catches, in thousand metric tons; of spearfishes and tunas

from the western central Pacific Ocean (D. W. Hagborg, FAO, Rome,

pers. commun.)

1966 1967 1968 1969 1970 1971 1972
Pacific etriped marlin 1.9 1.7 1.2 0.9 1.3 0.7 0.8
Indo-Pacific seilfish 1.2 1.4 0.4 0.3 0.1 0.5 0.6
Black/Indo-Pacific blue marlin 6.3 4,5 4.1 3.8 4.5 4.5 4.6
Broadbill swordfish ) 0.9 1.0 2.3 1.8 1.4 0.9 0.6
Bluefin tuna 1.0 0.5 0.5 0.3 0.2 8.0 0.0
Yellowfin tuna 37.8 21.0 20.4 22.1 19.3 24.7 238
Albacore 14.3 9.2 7.8 5.8 a.9 1.6 2.1
Bigeye tuna 17.0 16.3 12,4 12.9 - 12.4 11.5 19.6
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The subsequent development af the longline fishing grounds
not only in the western central Pacifie but glso in the eentral and
eastern Paclflic resulted from the lifting of restrictions imposed
immediately after the war. According to Nippon Suisan Shimbun {1953},
the SCAP fishing area, also called the MacArthur Line, seversly
restricted the cperating radius of thae Japanese longliners. But on
25 April 1952, the MacArthur Line was removed so that Japsmese vesgels
were no longer Testricted. International cemplications with Korea and
Commnist China followed and the result was that the Japsmese veszels
could not operate freely in Korean waters, the East China Sea, and
the Yellow Sea. TFurthermere, the North Paclfic fisherles was also
markedly restricted. Thus, the Japanese longliners apread southward
into Microneaian waters and the South Pacific, and eaatward inte the
central and castern Pacific.

The eastward expansion of the Japanese longline fishing
effort after 1952 was repoxrted by Rothschild (1966a). He showed that
effort tended to be concentrated off Japan in the westera Pacific in
the early 1950's, tended more roward the central Pacific fn the mid-
1950's, and was largely concentrated at the longitude of Baja Gali-.
foronla in the southwestern Pacific by the early 1960's (Figure 64).
By latitude, the expansion went from the North Pacific in 1933 to
the South Pacific by 1963, Table 39 shows the catches of funas
(except skipjack tuna) and spearfishes from the western central
Pacific.

DEVELOPMENTAL POTENTIAL

In a study of the tuna resources of the oceanic regione of
the Pacific Ocean, Rothschild and Uchida (1968) found increasing
longline effort correlated with changes in apparent shundance, average
aize, and total catch for the three wost important specles of tuna—
yellowfin tuna, bigeye tuna, and albacore--that are taken on the long-
line gear. With the excepticn of the gouth Paeific albacore, all
three species showed declines in apparent abundance gnd a leveling or
stabilization of total catch, They concluded on the basis of this
qualitative examination that with the present method of fishing (with
respect to gear, the size of fish that the gear gelects, and the
distribution and intensity eof effort) subatantial increases in the
catches of yellowiin tunsz, bigéye tuna, and albacore in the Pacific
are unlikely.

Skiplack tuna, on the other hand, has an exploitation status
that is different from the ather subsurface tunas that are taken
commercially {Rothschild and Uchida, 1968). Whereas vellowfin tuna,
bigeye tuna, and albacore all show the effects of exploitation, there
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is no evidence in the literature that fishing has had any wmeasurable
effect on the stocks. This observation, that there are no observable
effects of fishing on the egtablished fisheries in Japan or the coasts
of the Americas and that there is gizable potential skipjack tuna
yield, has induced the tuna-producing nations to turn to this species
for increased production.

The constraints on harvesting skipjack tuna mestly involve
our ignorance or uncertainty about their potentials and about more
efficient ways of capturing them. We have seen earlier that the major
effort in the tremendous expansion of skipjack tuna fishing has come
from the Japanese in the western Pacific in waters surrounding the
island groups of Micronesia. There is, however, growing interest
within the United States tuna fishing industry in the development of
resources in areas such as Micronesia.

In developing their southern water fishery, the Japanese
have been active not only in research to keep baitfish alive longer,
but also in attempting to locate new Sources of bait close to the
fishing grounds. By 1971, Japanese firms were actively pursuing the
establishment of joint skipjack tuna fishing ventures in Micronesia.
Two Japanese firms negotiated an agreement with a Trukese businessman
and began fishing out of Truk with two pole-and-line vessels in the
20- and 25-GT class accompanied by one mother ship (U.S. NMFS, 1971a).
At Ponape, two other Japanese firms jointly negotiated an agreement
with the local government and bhegan operations with one mother ship
and three 30-ton pole-and-line vessels. Fishing reportedly began in
late July 1971. Soon afterwards, a third Japanese firm proposed still
another joint venture in Ponape (U.S. NMFS, 1971b). In early 1972, a
five-man Japanese team, dispatched by anmother Japanese firm to survey
Ponape's baltfish resources, found the outlook for skipjack tuna
fishery development very favorable (U.S. NMFS, 1972). The Ponape
DPistrict Fishery Corporation agreed to a joint-venture agreement undex
which four 39-GT skipjack tuna vessels and one 1,000-GT refrigerated
mother ship began fishing in June 1972. Future plans also included
the construction of a cold storage and processing plant at Panape.

Bait surveys have also been made on several of the other
islands and atolls in the Trust Territory. Wilson (1971) reported on
a bait survey of Truk lagoon. Ationg those species that could be used
for live~bait fishing were snapper, Gymnocaesio argenteus; cardinalfish,
Rhabdamia cypselurus; sardine, Herklotsichthys punctatus; round herring,
Spratelloides delicatulus and S. gracilis;ﬁsilversides, Allanetta
ovalaua and Pranesus pinguis;. and damselfish, Pomacentrus pavo.
Townsend Cromwell, an NMFS research vessel dispatched from Honolula,
surveyed islands to the south and west of Truk but found no guhstantial
amounts of balt except round herring, 5. delicatulus, which, as bait,
are weak and do not survive long in baitwells (Hida, 1971). Alsc

observed along the shoreline were small goatfish, mostly Mulloidichthys
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samoensis; jack, Caranx spp.} cardinalfish, Apogonidae; bananafish,
Caesionidae; silverside, Atherinidae; damselfish, Pomacentridae;' and
anchovy, Stolephorus indicus.

In the Marshalls, Cromwell surveyed Majuro and Jaluilt atoells
and found large concentrations of sardines, Herklotsichthys sp. and
possibly Sardinella sp. in both areas. An NMFS-chartered fishing ves-
sel, Anela, fishing out of Honolulu, confirmed that there were large
concentrations of balt at Majuro and Jaluit (Uchida and Sumida, 1973).
Anela exploring the possibility of developing commercial pcle-and-line
Tisheries for skipjack tuna in the Marshalls and American Samoa, found
~good concentrations of both silverside, P. pinguis, and sardine, H.
punctatus, At Majuro, Anela caught 205 buckets in five sets or 41
buckets per set whereas at Jaluit she caught 189 buckets in two sets
or 94.5 buckets per set.

Subsequent investigations of bait resources in the Marshalls,
however, indicated that distribution and apparent abundance of baitfish
such as silversides and sardines varied considerably. Hida and Uchiyama
(MS),? reporting on the results of quarterly field trips to sample and
observe concentrations of baitfish in Majuro lagoon, discovered that from -
November 1972 through May 1973, there were no signs of any baitfish in
the lagoon. In April 1974, reports from an observer aboard a fishing
vessel conducting experimental fishing in the Marshalls indicated that
silversides and sardines were again present in large concentrations in
the lagoon.

Turning to the Western Carolines, there appears to be some
doubt that the pole—and-line fleet in Palau could be expanded much
beyond 12 vessels, Muller (MS), who studied the population of
Stolephorus heterolobus from Palau, concluded that the bait fishery
in Palau is operating at the optimum level for the main baiting area.
He speculated that if bait catches are at their maximum sustainable level,
then the vessels will need to switch from l-day to wulti-day trips in
order for the fishery to expand. Fleet slze can be doubled without
increasing fishing pressure on the bait by baiting every other day. |
From the industry's standpoint multi-day trips are desirable; lost time
due to traveling to and from the baiting and fishing grounds, and baiting
time will be reduced whereas fishing time would increase. More conserva-
tive use of balt would also help to extend the Palau bait supply.

A 190-GT skipjack tuna vessel, Akitsu Maru No. 20, surveyed
waters around Ponape from 5 August to 2 October 1974 (Japan Marine '
Fishery Resource Research Center, 1975; Otsu, in press). Brilefly, the.
survey showed the following:

I
3Hida, T. S., and J. H. Uchiyama. Baitfish study in Majuro, Marshall

Islands. Draft report distributed for information in connection with

Tuna Baitfish Workshop, 4-6 June 1974, Honolulu, HI 96812, .
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1. Anchovies, 200 buckets of which were loaded aboard the
vessel at Tateyama port of Chiba Prefecture, suffered mortalities of
about 19% during the outgoing trip from Japan to the Caroline Islands.

2. 1In waters around Ponape, Akitsu Maru baited 79 times in
45 nights with a stick-held dip net, or am average of 1.8 times per
night. Catching a total of 1,056 buckets (6.6 1b or 3 kg per bucket)
or an average of 23.5 buckets per night, the vessel caught predomi-
nantly "tarekuchi," 5. heterolobug (23.5%). Other species included
§. indicus, Harengula ovalis, Allanetta forskali, Dussumieria hasseltii,

Spratelloides delicatulus, Trachurops mauritianus, Decapterus sp.,
Caesio pisang, and Siganus &p. :

3. Survival rate of "rarekuchi” in the baitwells was very
poor with only a few lasting more than 12 h. -Among the other species,
T, mauritianus and Siganus sp. were the most durable in the baitwells.

4. Near the Bonin Islands, the vessel landed sbout 8.8 ST
(8 MT) in 8 days of fishing or 1.1 ST (1 MT) per day. Fish size varied
between 3.7 and 14.1 1b (1.7 and 6.4 kg).

5. Around Ponape, the vessel fished with locally caught bait
for 34 days and produced a catch of 37 ST (34 MT) of skipjack tuna and
335 1b (154 kg) of yellowfin tuna. Catch per day was about 1.1 ST
(1 MT). Ten percent of the schools sighted were yellowfin tuna. The
vessel usually operated within 10-30 mi (18.5-55.6 km) of Ponape because
of poor bait survival. The survey also revealed that skipjack tuna
schools around Ponape responded actively usually in the morning and
late afterncon.

_ A recent report of baitfish being taken on the high seas
has evoked comsidersble interest within the Japanese tuna fishing
industry (Otsu, in press). No. 3 Inarl Maru, a 299-GT skipjack
tuna fishing vessel, reported capturing 50-60 buckets of "doku-uroko
ibodai," Tetragonurus atlanticus, at night at lat. 3°51'N and long.
161°15'E. Using & 500-W lamp, Inari Maru caught the baitfish on the
high seas roughly 180 mi (334 km) south of Ponape. With this bait,
the vessel caught 11 ST (10 MI) of skipjack tuna. Since then, two
other vessels have baited successfully in the same area.

Japanese researchers believe that these coal-black fish -
inhabit deep water. At a size of about 1.5-2.8 in. (4-7 cm) when
captured, the ibodai showed several qualities of a good baitfishj
they swam slowly at the surface when chummed, were readily taken by
skipjack tuna, and survived at least up to 16 days in the baitwells.
The Japanese reported that there is a need to study the abundance,
distribution, and seasonality of this species. Not only the bait
resource but also methods to improve balt survival have been under
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investigation. After capture, baltfish are usually transferred from
the net to the baitwells by scoops or buckets. Handling during the
transfer is one of the major causes of baltfish mortality. To improve
baitfish survival after capture, a naval architect of the Trust
Territory Marine Resources Division, after consulting with fishermen
and industry personnel, has designed a skipjack tuna pole-and-line
fishing vessel around the baitwells (Pacific Islands Monthly, 1974).
. The unique features of this vessel, which will have a range of 1,500
mi (2,780 km), travel at 9 knots, and carry 14 crew members, are
speclally designed baitwells that will allow captured live bait to

"swim" into them through underwater doors, thus eliminating the need
to scoop or bucket the bait. _ :

SIZE OF FISH

‘The size frequencies of the tunas can be used to detect
areal and temporal changes in the fish population and also to describe
the segment of the population that a particular fishing gear sampled.
But technologically, a fisherman ig interested in fish size, because
he can use size data to estimate the numbers that need to be captured
to achieve a particular tonnage. To a processor, knowledge of fish
size provides a means of anticipating problems that may arise in
processing fish from a particular area. In this section, all fish
lengths reported in the literature have been converted to weight in
pounds : and kilograms,

BY . LONGLINE .

Longline samples only the large mature tunas. In the western
Pacific, Murphy and Otsu (1954) found that the bigeye tunz landed
during the nine mother ship expeditions ranged widely from 3 to 292 1b
(1.4 to 132 kg), but almost 90% were within 34 and 173 1b (15 and 78
kg) (Figure 65). Longitudinal differences are apparent in the size of
bigeye tuna. Yukinawa (1958) found that larger fish were more commonly
taken toward the east (Figure 66) and latitudinally those fish caught

in lat. 6°-12°N were slightly larger than those taken further south in
lat . ZOS“GON.

Concerning yellowfin tuna, Murphy and Otsu (1954) found con~
siderable variation from sample to sample, but it did not appear to be
related to time or space. Figure 65 shows that yellowfin tuna ranged
from 6 to 204 1b (2.7 to 93 kg), but 90% of the fish sampled were
within a relatively narrow range between 45 and 124 1b (20 and 56 kg).

[

e P
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vabuta and Yukinawa (1958), who sampled longline-caught
yellowfin tuna taken In waters of the Eastern Caroline Islands,
reported that in the area bounded by lat. 12°N and 4°S between long.
150° and 170°E, size did not vary significantly from one current
system to another (Figure 67). Thexre wasy however, a longitudinal
gradient; the major modal group of fish taken west of long. 140°E
was 55 1b (25 kg) compared to 112 1b (51 kg) fer fish taken east of
iong. 180°.

Figure 65 also shows that albacore varied from 27 to 86 ib
(12 to 39 kg) but the bulk of the catch consisted of fish from 29 to
63 1b (13 to 29 kg) (Murphy and Otsu, 1954). These fish are much
larger than those taken by surface trolling of f San Pedro, California
where size usually varies between 10 and 35 1b (4.5 and 16 kg) (Brock,
1943). The skipjack tuna, according to Figure 65, varied from 5 to
30 1b (2.3 to 14 kg).

BY POLE AND LINE

The sizes of skipjack tuna taken by pole—and—line fishing
have been well documented in geveral publications. The annual "Atlas
of skipjack tuna fishing grounds in southern waters," published by
the Tohoku Regional Fisheries Research Laboratory (undated a, b, ©
d, e), gives a good description of the monthly changes in size
composition of the fish caught by Japanese vessels in the western
Pacific. '

Briefly, the data from Tohoku Regional Fisheries Research
Laboratory show that there are significant differences in skipjack .
tuna size in the various fishing grounds within the waters of Micro-
nesia. For example, during the 1970 seasom, the Javnanese skipjack
tuna vessels encountered 7.7- to 9.2-1b (3.5~ to 4.2-kg) fish at lat.
7°-9°N, 6.8~ to 7.7-1b (3.1- to 3.5-kg) fish in 1at. 3°-5°N, and
5.6~ to 6.0-1b (2.5~ to 2.7-kg) fish between 1at. 2°N and 1°5
(Figure 68). Thus, fish were usually gmaller toward the equator and
this size differentiation by 1atitude can be detected in size samples
collected each year. Furthermore, in 1971, it becane apparent that
skipjack tuna sizes also differed in an east-west direction. Fishing
in a wide expanse from west to east across Micronesia, the pole-and-
1ine vessels in the Western carolines caught largely medium-gize
skipjack tuna of about 8 1b (3.6 kg) and some small fish of about
3 1b (1.4 kg) throughout the season. On the other hand, the catches
of vessels operating to the east around the Marshalls consisted
predominantly of larger fish of about 10 1b (4.5 kg) .
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Vessels fishing in Micronesian waters may expect to find
gkipjack tuna varying in size from about 1 to 27 1b (0.4 to 12.2 kg).
In some years, three modal groups can be seen in the length~frequency
distribution. In June-December 1964, the 3.4-1b (1.5-kg) group pre~
dominated and was considered to be 2-year olds., But by March 1965,
they were replaced in the catch by older fish. In 1965, the 6.0~1b
(2.7-kg) group predominated in the catch.

The minimum, maximum, and average lengths of skipjack tuna
taken in the Palau pole-and-line fishery in 1965-67 are given in
Table 40. In general, the vessels caught fish over a wide range of
sizes—~from 1.2 to 25.4 1b (0.5 to 11.5 kg) but the avexage size each
month fluctuated within a fairly narrow range from 5.6 to 10.4 1b
(2.5 to 4.7 kg) (Uchida, 1970). Figure 69 shows that: in 1966, two
size groups—-5.6 1b (2.5 kg) and 11.0 1b (5.0 kg)--predominated in
the catch. The bulk of the 1966 catch, however, came from the
larger size group. In 1967, three size groups were identified in the
length-frequency distribution. These groups had modes at 4.9, 8.7,
and 11.6 1b (2.2, 3.9, and 5.3 kg) and all three appeared to be
' equally represented in the catch.

In the Marshalls, Uchida and Sumida (1973) reported that
the skipjack tuna landed by Anela ranged from 3.5 to 23.4 1b (1.6 to
10.6 kg) and averaged 12.3 1b (5.6 kg) whereas yellowfin tuna ranged
from 12.3 to 30.0 1b (5.6 to 13.6 kg) and averaged 18.1 1b (8.2 kg)
in February. In April-May, however, most of the skipjack tuna taken
were medium-sized fish--between 13.0 and 16.5 1b (5.9 and 7.5 kg) and
averaging 14.8 1b (6.7 kg). One school of yellowfin tuna fished
during this period had fish from 26.9 to 39.7 1b (12.2 to 18.0 kg)
and averaging 31.7 1b (14.4 kg).

BY PURSE SEINE

Watakabe (1970) reported on size of skipjack tuna taken by
Japanese purse seiners in the western Pacific. In the vicinity of
islands and banks, where skipjack tuma "boiler" schools are sometimes
seen feeding on bait, the fish are usually large, weighing from 15 to
18 1b (6.8 to 8.2 kg). In waters southeast of Palau at sbout lat.
4°N, there were numerous reports of schools containing fish varying
in size from 7 to 9 1b (3.2 to 4.1 kg) and often mixed with smaller
fish of about 4 1b (1.8 kg).

' In 1975, Fukuichi Maru, a Japanese seiner, reported that
her catch of 187 ST (170 MT) from waters around the Marshall-Caroline
Islands consisted of 60% skipjack tuna averaging 7 1b (3.2 kg} and
40% yellowfin tuna varying widely in size from 22 to 66-1b (10.0 to
29.9 kg) (U.S. NMFS, 1974a).




Table 40.~-Minimum, maximum, average lengths,
of skipjack tuna sampled in the Palau fishery, by months,

December 1967 (Uchida, 1870).
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. Total
MinimusHaximunm |Average
Year ““F‘h iength| length length m::z:::d
. Ca  fm Mo
- 1965 May 40.7 64.5 50.2 793
June “31.6 65.4 51.3 3,681
July 44.6 66.4 531 485
Auguat 31.6 65.6 52.3 . 1,843
September 38.4 69.5 52.1 a8z
October 45.9 73.4 59,1 786
Novenber 56.4 74.5 62.1 398
December - - - -
1966 January 44.5 65.7 56.4 535
February 41.1 710.3 54.2 1,054
March 42.9 70.0 56.2 821
April 45.3 68.9 53.2 755
Hay 42,8 74.0 35.1 1,011
June 45.0 4.7 56.8 889
July 38.8 73.5 57.2 2,050
August 4.2 76.8 57.4 3,337
September 46.5 68.2 58.1 1,819
October 47.4 76.3 58.1 2,011
November 49.% 69.4 60.5 708
Decenbar 49.8. 69.9 60.4 346
1967 January 50.0 69.4 61.1 546
February 38.0 78.3 56.6 134
March 41.4 68.3 52.9 542
April 395.3 69.9 53.9 900
May 40.3 68,2 48.1 1,413
Juna 42.0 °  H8.5 51.5 1,256
July 3a.9 69.3 53.6 1,127
August " 44.3 70.G 56.4 1,787
Septewmber  44.4 69.0 6.5 648
Ocgober 43.8 69.1 54,3 7
Hovember 47.8 72.6 60.9 450
Decacher 45.8 71.1 58.5 1,278

and the total number

May 1965—
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! Appendix 1

NORTHWESTERN PACIFIC OCEAN

SURFACE CURRENTS AND

SOURCE OF INFORMATION

TEMPE RATURES

The information relnting to monthly surface currents shown on this chart was compiled

from obaervations mada
ohservers af the Hydrogrnﬁhic Office.
tidal currents prevatied; W

where the
to the meaning of the entry "'Nil’* on the current report.
on the MEDIAN
that point being midway between the beginning and end of the 8
current observation was mude.

RESULTANT CURRENTS

uring the month for all years prior to 1935 by the co-operating
Observations weare not considered reliable where
ers winds, sesa, or awell of force & or shove were recorded;
veasel'a draft or trim would cause excessive leewey; or when doubt existed ag
all eurrent ealeulutions are baged
POSITION method; namely, each observation is agplied st only one point,

ip's run for which the

The black arrows and numerals show the mean direction and:force of the surface current DRIFT

in each l-degree quadrangle for tha month under average nortnal conditions, The accuracy " KNOTS

of the resuitant current in aay quadrangle is necessariy determined by the number of ob- ome to 043
gervations used in the com utation. The Hydrographic Office considars u resultunt to be ’ &
fafrly acearate if compe trom fiva or more observations i an area of 2,600 aquare miles.

But on this chart all reliable information is shown, for the benefit of the navigator, even 634 to 066
where lesa than the desired five observations were ohtained. .

The resuitant currents in each 1-degree guadrangle are ahown as follows: 067 1w D99
The number in the upper right hand corner aof the quadrangle represents the total current :
cbeervations used in the ecomputation. The numeraa i the lower left hand corner of the 100w 133

uadrangle give the resultant drift in miles per day to the nearest tenth of & mile. The .
irection of the arrow in the center of the quadrangle showa the resultant set. 134 1o LBE
OVER 1.66
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